Compound and Pre-Compound Emission in Some Reactions Induced by Neutrons of 10 - 20 MeV by Gupta, Jagdish Prasad
Compound and Pre-Compound 
Emission in some Reactions 
Induced by Neutrons of 
10 - 20 iVieV 
THESIS SUBMITTED FOR THE DEGREE OF 
DOCTOR OF PHILOSOPHY 
IN 
P H Y S r C S /^^>^ 
^m 
Jag dish Prasad Gupta 
M. S c , M. Phil. (Alig ) 
DEPARTMENT OF PHYSICS 
ALIGARH MUSLIM UNIVERSITY 
ALlGARH-202001 (India) 
1 9 8 3 
Compound and Pre-Compound 
Emission in some Reactions 
induced by Neutrons of 
1 0 - 2 0 MeV 
THESIS SUBMITTED FOR THE DEGREE OF 
DOCTOR OF PHILOSOPHY 
IN 
PHYSICS r * ^ . 
Jag dish Prasad Gupta 
M. Sc , M. Phil. (Alig.) 
DEPARTMENT OF PHYSICS 







C«rtl€,l«'^ thmt the %mtk pep-mmit«& 
lit thif» th-er-ip i^ the «wigiraa2 woafk of 
'*'*« Jftg^laili rreg»p.e C3«pte# itome «nia«r wf 
circiE^^rre<«'© tlit' »«N?»4s8ton of tih« thiKniB 
Phfslee P«p«rt''««»nt ( K# m.»^ s;>.0 1——— ^ 
thesis hns bwn oonsiammblf aois^cd aa« to SQMI 
Prsssd Oipttt 
A c K I' o .'.' t £ i> G.£;..a,L..i::.T a 
liwiMiMiiiiniiiiiimwi • i i f i i w i w — n i i i i a M m w 
UJ i^ suL-<-'rv:»jir# -c« • . iuaAlt £oe his iaeplriwj ^ i^a«inc©# 
« artr"«j!it ot v:y^»ica, £ur i>ixwidXng m» with a l l tli« WMwafCh 
'1 '^n vary i3»a;i &i£ir)ki!ui t0 a l l m^ ooili9ftju«fl( afsd £ifierxl» 
in t:«e .''ojartencmt; ot iaj-3ico» t.ii^iojrti mailift Univ«5r»it^f 
. . ll/jrh# £or ..'i^ir tii-mlf ^»J,^ and €SCN««^ >©i»iion in isorBuin^ 
t,^i3 ijo?':, -^ , ^-rially 2 wish to t.«atik ;i5r» tUD^, '^mp^tmSf 
t* **c' G* f exia«tf# t o r iUs siii,c-ojrs l«jip# 
'w*ii» .u.ivursity £*>«• f i c i r .'•;>a3i49 .a+ttfiNa* 
1 cssci coso m tf^ f'^ *® to t i ^ oawucci^ i «^ .-^jiaDtiiic amfi 
lr^Ju3tri«ai OS iisch (Cc*2a) ii@w »^lhi and ts^jartiiwut ol ^ t^osnic 
"rc s^r;"' (mi:)* vOv^s^-soRt 'sf ln«aia for 'js^^ctixKI fi^saneial 
a.-d-^ jjA .3© if* trys Sorra o£ n^jo^ KiJDSh £©llfi>m l^iis», 
; ltw,i.l-j0 2 wish to «Ei-'Sr«as nnsr isaLtoS>t®«l»ey»gi feo iiiy p«je®r.t^  
in tim tho&ls hssi beeo divjkkx3 into £ivG «;^ii^tecs« 
ot yQsi-; dcM^ t«riii% msutxDfKs o£ a^Jtat 14 I9QV i s aJtso given ir: 
th i s chG;--ter« "fm stutSy Oil jpondo ia rocsction C3PO08 soctifiwi© 
i£> : o t i:.oot.i.xLe utnieoo roXi^ ^ >JL@ c£0»a«i@6etion IWUUM» do^ ^OErliKsa 
t^lt '^. t^ e^ Cki^ io ioc-uiiqpicr arid tlio standacd soix;ti.cci ajra dvaiia::4« 
Cor a lain.je n^.r xm oi t o r , a t raticiai* <dtti t^ ls "uloift a peojrA.i?!© 
of cKMUXoee l'.;»£i aoa43uir@::x%£te a t i4«0 J^CIIV nautson cm^cgy bi,' 
^Mxvx&K m Zi dcaljs with tho e»q:->Qrii»^tsti a*t«4^ &ti& 
£act^r» cQuaflkg ossoum m^ tma^ctaintixm in the €s^'«irinimitai 
n^ i i l i s hav@ »^^ 3n dJUK9ud3od in th@ aaetioo C2*i>« Xfi &o&ti£m 
(2«2) claSiaii.j'a o£ c«o«Bii#o€ti4Mi neodaJTODODtB ac« ^IPWI* 'lb 
r^ ^ ^'j.'.tm cjx&&m&<xtiam for t^ ioo<» cooctiojo* ^^tidtt %o&v9 ai^ost 
llvts& s^siiOual oueiei elacurs^iiic cicisaits bave Ix^ csi <^ v>@2a^<€)£l« 
C£0£fiM*«i©ci:ior^  lor soaa 19 coooe ^ ( xi# p ) £@0etiofie h^vo 
Uio ciros©iiMi@cilw« v.-toe® caXcuJus^ -aC lajf tli® ©tatiatlcsol theory* 
: ixj^ ccxTf^ oyuaeS aaiB&si-:m of i^r t ic ioo has eiiio Deem tabsn into 
acc>.^it« .^tai ls o£ the s a t i s t i e ^ l loeNSei ana of psu»OQiBg}(ma& 
crJ.3&i'n y^00^140 dx-«i 'jivoei in Ctiapms « i l l * Four 'QMlmemit 
nociQls i:^r Ir^luding tho p£B<MCC«nspc3uniS oisia&i^.^ o£ p&rtJLcio® in 
Ut'miiUjr • iV (JitiacrLym tii® inot-,«d oC calouiatii3«aa» .* 
..ort filter c^ Xto ACf !^ iS immi (}mv®l<sg<2iid £or tli««i« aaloulati^'HB* 
ID tM$ ocK3e C'Ko»»CfX^roaana <x:dBQiaa iscn the §iso% fsteip ot£ 
6&mamilt£itit:m h&& boon ioclsiaea* ^ r^£«id tsoSmX ieeem imA 
iJth\ tae • V« 2o the £lc0t socti/::^ <^ t i ^ Ctx /^eev tiwidB 
io ( &« P ) ffosctScGo haxKi txxxi studtod otid a aOBpogimm 
£<»ctloti c£oaeMScctl.4:xi at I4«0 I3«^  exxitcoo ooocw hoo IXIQD 
rtaoe* .j>oshioo CS«3) aoala ^ t ^ tiio aaeitt»tlo» §oBeHatm £or 
t £i« p ) cioacti rm in tho onosri^ * eocxje 10 «» 30 fItfV* lo this 
ooction <^ 3E:i:>ilau£ofi o£ <xi.^ <€»i2iDC!otiai <9eil&3aa tee lataem dotm 
tMKl c(i]k;!Silatoa CBieitatioQ fonotiono Mtfi dni laitlxjat psti* 
€x|^ lilj?ii:ffQ QT^ IaniDo h39o ^o3» 03iai;ae@d n&tti the <snpoc!lf<ioiitM 
ndt^ innr ool^ig «iclt^t4c^ otiQK^ of ^tm ooBn^o&lta &^tms0 
Qii^ arrsit ^^ ::ie laoQR sride to £1$3(3 iSie .joet ^mimaa of thooMi paso* 
4»*^*«tr»«frft<Si« J « « . * 
w f , ^, gyPfi^ffi^ 
MeUMW at I4*S M«ir • 
i i»el«^ I»}^«|A« ma BOUA utAtm ^ ^ I c w Sf»y€Mi.|qm 
mas JMibay it97aK 
ifiatief!ia b' mi&tmmm of I0»20 MtfV* 
t i l l CoofiHEtffiGtt OR ^ M ^^i^JUfiatioii «^ *uetmUamwm ia 
aas^asi^ ana Znaastxyt litMrtii IMMM ^tiita e»iv««sitar OMttoiM 
Tmmm u«s*^ i i isa)* 
iietifetiii icwao i«*v* 
FcogE«0« impost <m WtMslmkt ^m§ Oovmammit 9i ZnilA 
• # * * * « * # « i * # « 
C 0 H T t H f ® 
mmmmmmmmmmmm 
O^n^ I!«r9»»«llt«r lifii iNHm« (i#»l NoMI 
C3«9e} fiMeltan Mml*! 









(5«t> iiMt«iir«a una Cei«i}|«t«a C 11*9 > 
ig^ 1-^ a m I 
I ij 1? ti 0 i# ij c 1 1 0 li 
mMmmmmmmmmmmm' mmm mmmmmmmmmmmmm 
t'l^ ue@ in ttie %i3m mmmM »iel<2Qir iJhf3JU»» ^^^o^ ai'tor tSio 
b"caf-*3 a«QjpD of itB i.'r5.-o£t>:jr3cse :^ia im idoaJL pftatje Cor nueiaar 
and iir|ortefic«! o£ fiautii»;»% i^t^iUsB tmo 0xoim i?armxisahl.y anS 
t'Ki^ fc i s now a \7iae i»U3£'Q&t in the idaQA# laet.'iodo atia 
aiC'^ ^<^^ '^ ^<^^ ^ %^ 'AC^  !)ave jotao c30^^^. «d in th is i ie id* i%ny 
oueJU^ir £<D« t^loii0 iiiOjtcio^ I3f QKHitsc^ fie ace vatJy(iai:>la £)aicc«6 
0£ informti~«i inlxmt t l ^ £iiM3lci»»# 
t-i- maelaoc rcoetioa i s a pfoee@s that oc!«a£8 «iri«n a 
nxclms partieJU^ C ssicic^ti or mm^mm I ^yem imM c%tmm 
contact with aootax j^r* ¥&&t &t tim m^Xmx ffcaotioiss @s« 
i:£0<juc^ tiH eH;^ .ci9iric; «2^i£ci?0sit eia.t^ adi»lalj| to a beam Q£ 
(QeffiChaoc^  t£kl;a L^ Lx^ e arx3 Um tJ^mX %4iDiXiKtWt ti€ the sirnGtirm 
aro G«i©# two or nor® macJtcsor i^astleio© ieetvin^ tt>e iJOint of 
close c^nt^Qct in iKurioita dic>@ctii»»« 3«» £:>j:t»ai^ tA ose tnDStiy 
o£ @<..cciee dlilejrcKr^t £i?om th@ p o r t i e i e c ^ the original pair* 
The eoJUiiwi i^jco^mMiitic^ a£ tJiiioriant miei^Ar s^aoetiofia 
t^vo ii%£o£r£3iU.:<n a;x^t 1 ^ I'aoel'xmiMi of r ae t ic^ and o£fora 
a *.o0t.i%g grcxsrcl for i^oo® aiji^ut m^ioor fitsyctu«o» '^ n? 
fuclos^r tratsRiut^^yi n i^ 'roco&e na^ iocidi to tjbo OMCitad ®ta^ e@ 
of tho i^roc^et nuelatie^ ana tts® ae@&|f df the oneitad etsatee 
trioe givoa iniro£roti':)n aiami% um mmtsi io^utiiji .^txxi tjocsosf 
scl^'sos* The procoaa nv^ y lie ca^ aoeiS Iqf ^^liifer^^t KlaJs CMI 
iixsiaiMt i>iarticio0 a^d aa^ romiit in the eNUieion o^ the 
iori43«i© t^-.'os o£ ^art ic ioe i i ^ p&^^^^sum^ aeuitrof»i# aoutnxoci9« 
ali^ fmis ana other heavy fiacXoi or gax^m £oys« 3wi 
2 
ttiiel*«r •p«feluro»eor>ie •tttfii** and for t l i * atoAf ^f snelMr 
thiy iiit«r*et vitl i t3i« iiiiet«it» ifith r«ili[tiiNi I M » H M 
MMHur* ^ ^M strwivtli of tii« liik«rM»ttoii of . . : WMlrBm 
witli attetor i« 4iM iwatrtta oftwc-toetiaai* 9m total wwtooii 
t W d O t fllMdlo4 1OIM0I IHJlftjC 9 0 •ntOVM^l^GNi Cnf OQMI wtWKM VttOO 
Inr^ AJUHBOiS Coc a tnULt t iMi with a vnAt IMWIVOII £1.VII wMMlty* 
UiOjii! avo mdrlans t^ mMW oC cstMia^ MMrtUuMMit illai>iHitfin{ii on wio 
typa oc fluoHoiir sntoKwtJi^ Hi* wt)st oMMpJto^JO aaty oaiioto. tlio 
cnnMO-Miotlaii fov ooattaJPiii9 4Ki a ifi^ Vio ItlAtf of iMHrtlollao 
&Bla Wtif OMOUl t iMc two |MHrtO# ^Ol» wMl OffOOO -OOOttOB VOIP 
olMitlo aeattariasr ani cTI « idio ofooo-oootioii far Inoiaotlo 
iOittaf inc» flMMfa afn aEoo oyoaa-oootAsMMi fair t^ anrirtioltf 
voaotAoBO aiieh aa cTf ii#p >, cTIi* oc)» cr( n^t) oto«« wiA iac 
aacofiaary goactlawa tiko c r (% 3i i )«(r<«« l a ) ote« Cioaa-
a ant, liQiiiL f<Bf nmrlair roiCtloiMi ai^ a aCtao naMNunMI in unit a# 
to * ^ «»^ ani thla wnit im WlXmi tlio toavn* Xt fi^lowa 
f«oo tim iaflnitton that otoaa-aoetlMi l« « iinantity i^idth 
m$M ba oatotttatod ^loarotloatly for a 9$mm nmalmmt ooaal 
an4 oan alae I M ntMnurod a«p«rSJWotailf« ttm wAiAitf of 
aoBtiana wEtii d^NMMrotl/MA iNuloaa# 
HgHlunMi <i*o»i - Ml act iiHit maanvaMHita i^ •JMI raalan 
af low anatwf Hawa lialDod in tNi AiMaioiiMiit of t ^ naelaai^ 
naartunNi Ofooa->'aaotlott wAtli aiMHP^ # aupjpoctadi tlio tlMMary of 
tho * itmnfi^T afeooftilog anelooa * / i • t / • Howavir* tho 
wariatioA of tlio atraii««K fonetlon witti tha at«M|je wot^ht of 
'S 
thm t&tr^!^ mte|«is0* ma d«dt»9«a from t!i« veBormnem r>ftram0t«r«» 
mnS th« nmnims' and minlme tskmetrmd In tlMi •octMHriBMNsitei to ta l 
erosp-aoetiot} tmlti«ir t#s4W! ir»lott«i^ a<|sljMt tlie anargy and 
(agamic % <^»iqht ot thc» tar^^et IHKIBIHI* auqtiaatad an optical 
iM^Avtouir for the mielmm^ Ih&tm £aeta vera axplainad by 
yimifimkemf ot ««l» / P» - § / ©aawnlfic? tha nuelaisa to ba a 
wealtly nSNiorMrvj rneaitiKn an^ l®tf to th« * Cloudy eryatal 
ba l l !ii(»<*al ** of thm nvtclmmm Th« clowSy erytrtal ba l l tnodal* 
thoiif?^ vary ua<»ful in nradi<?tiing eniS aK|»lalfiing tha to ta l 
€!r«^*»-F»®etl'»n©, I t hw^avar* not «tel© to wcplaln tha par t ia l 
ra«etlon ero^ij-atcti^sfss, '^ '5 for estaiB^ jsla the eroas-ftaetlona 
f fir th^ ( n# p )« < n# ^ ) ©rw? ( n« Sn ) raaetiona «te» 
For intar^sediit© ««argl©ff of iRcl^iffst ?»»irtiel«<s itfhara thaaa 
T>wtl»l crfif«»-aectlonfi ar© ifT'<^rt!?'nt# tha «tetif«ties<»l 
thfKwy / l«^  / of th© co«wr«WBna nuelaua l» nornally «»qployad« 
fhm met in f«>iittrr<!*» of t l ) i^ th««Hry ara tha fcMrnotion of tha 
eGm^tuna nvnalvme ana i t » auhao'^ iMint aacpy into varioitti 
ehtmnml'i0 «tiich cr>rra8rp»on« to a i f faraot iMMrtial raaeti^na* 
Thii sttati«tieml th©a»ry of miela«>r raKticmtf deals with 
n^ H^THQe eroafi-iHPctiort«» ^ « modal dapicta tha noelaar raaetion 
as ^oe©a<^tn*t in t^ r? stafjiea* in tha f i r s t ataga a eompotaid 
micl<P3S le fonafi*' by th« col l iO<»> ^ **>• projactUa with 
«i t^rf^ait ntKlffisa* Xn tha saeon^ ata^o the eompom^ nuelaua 
daCiT^ yc into ona of the fiooaibla 7»©icff oi rmmtUm products* 
tha evapor^ion mo^l a^auiRae that tha eotnpound nneleiui* in 
i t e ?«aeay, losaaa a l l fnaworr of the way in whldh i t wae formed* 
the dee^y treats a l l pc^sible deeay prod««t1di in tha dc»iK>eretie 
iei^hii^m realised Iji anrap(»ratio:n from a elaasioal I touid drop 
model« fha laodal further ti»9vsms a s ta t is t ica l distribution 
of enar^ levels in the esccited nuelens* 3lieee asswriytions 
pitt reatrietions an the ener^ of the ine^minQ part ic le and 
the siiso of the target nucleus. Tha s ta t is t i ca l theory is« 
theref?Mre# ff^li^ for « partieulcir target and only in a 
certt^In ener^ intarvr l of the incident part icle* One wsy 
1^ tt ««neftlii tvMttioii f«r « 9iif<Mi wmlmm witii «li« on* 
0lA<Bttlil%Wi %}lMMP4ffel4tAMy» Iw wM MiG^SMP WM0tiSlNi fMFO^ hifHMI 
ft ralUo aettvft v*siaiMil ma»lmmfmm e«m wm^mtsm ^ « 
(MfOiitMilEiiOfli iVHMs%tiiii iMiIsi^ ii!e!%tinit%IcNn iNM^ Niiid^ (iMii« iBn0i'ttii%|idii 
i t «or« 3.ik«&y to 9rae#«d tdtf^on i^ dir«et iatMri^icm* Pir«et 
t»t«r«etioMi «r« iMroe««»«i; i4iia% lavoiiNi f «tr wmamoM* T^ 
most Iflipott«ttt tMtt i i rM of M M ^ iiit«retetlmMt mtm tiMi Ai£ff«» 
f#eti»r4 p«tik«a« ttiia t i l * 1iti0« • ^ • e t t i ^ t i r «Ht«ti mm&f••%• 
i%»«lf l » ^m mmitmkimi of iMurtiealer l«r« l« o£ nwidiaal 
•iOAA iiHiiA* t h * fiiie|«ii« e«fi foll«w «li« i n i t i a l ifftoraetioo 
ana ^ « r » i t • omtt»i» pnikmhilitf ttiait • pwrt io i * b« w i i t t t a 
liftoff •WCdl OHO of thOOO OOliiOlU3WlO« 'BoiOOiOB Of MIOiWUP 
ptf t ie losffoN ^ i o iatotMoftUto i»foeo»o iJi fooarotiy ^ l i o A 
* vro^o^ii i lartnii oMiooioii *• tlio mtj^mitiam^^l doto / tt^M / 
ooeiMMiotoi <Sitriii9 t)io loot foir foort h««o t^bmm oonsidoririAo 
MMijf we>iflioi!ii / W «» 9 i /^  iHMNi ifcmroro^ W M OCOOO 
•ootieiMi for fMotrofi inauood roottiono i a t0»tQ mM^ rogiMu 
Hio oMporifMotol ffomito of tii« erooo-ooetioo noaowromwito 
fmr ( «• p ) oad ( « « « ( ) vooetiofui i^iott ^ « t tiio otot is t iea i 
tfewoty of eompmm$ wmlmm forwHtion ommot f u l l y oooewnt for 
1 ^ dtmm^m^ ^mlt^v / 88 / • H I O ooleolotoa «Kooo>ooetioiio 
ttPo onollor I^UHI oin|>oriniorit »1 OOMI %Y O f ostot wuryiAQ froM 
5 
S$ t # W^ a t «lMi |iMsr««M» 0f t t r p v t imeliiNi mgm9 / S i « 9 i A 
Att«Riipt» H«v« iilso lM»««i ma^tt t 0 • « • liQW • pa3rtl««di«r wms0k$am 
ISIMI p0(8i^#ii V I IE I I mMj^ Mil iiiiHiiHitJl|pHbii@i( ibi I^Ni MI£A'%4HMI9 off 
I « v f » 4iiwr4ptfic»k^i)tl»p««M(i til* «ffiNMi-»«ett0n mttiiMi oM Bvm 
f^#fto%iMn s*cp9iPti4ftS tyjf 4iU*£MNHBrtk ^ppoii^of' twidiiMni* « P M H I 
i l l t^iflMi (MMMW H^NMEU tiMi <iMeit.fi^idii INiiie%l,<MBit M T * icvfY 
• « f » i t t i r a t # tiit> iMiitttm iHMr<grr* CmmtMumtiom i^t tli@Mi 
iMhlc»i i s iscMiMon t 0 ftll ^ u i iw^toft «ii[pt«if«l l a mc^mm •Aetiofi 
Mseiiur«RMii%tt« MMHt 'SM Itlitt mNtPBar—iHifeii l i imi IMMKI iSanti ^ l^i* 
8 M W N | W 1 # ISMI #S <iii^ s4H^MHk MW 1^#KK^ 3 iff^ MMf^ i^ SttNi If^ MP {SVK C^ i l^ 
IwwtiNKii iHwTMtiBii ldMlivsts4iWt%i€i iinFars o£ t l M tMSMiriinifife* i.% i s 
f o r t i l * stttdy ^ t r w n ^ i n fiitei«Mr wmDtMmm i t i«# 
tlMMM^<KP*# IMMSNMIffttinf t ^ IMIIMMHP* tiNI l9li0IMI'-iMM8HtilMI^  fQIT H %M3t^ 
mmfome o f ta«9«t nnei«t ^mim tii« M m * t«^iaii|tMi «sa t i M ^^ '^^ ^ 
fttim^ilf^ fV)9etil3||» A fMTflligytMHMI Odl €9P(HMI»Ji4M8tiOII MiftMKIPiinMCiti 
« t t4«fl fiM/ MMti^m iHMrmr i^ T t l M «c!tiir«tJ4Mi toe lmi ips h M 
i] 
be«n «ii'«rtal{«ii ^ith thi© vtrntm Co^kcroft»v<«itoii 
{^ectelirator of this Is^neatrntaey 0ttp*>ii«d th« faet fieotjroiMi« 
130 1(«V Avutecon %»e«m of ^«eeel«r^tor hpim be«n nia>ie to fai l 
<m thin tritium t«rg«t for thie mtrpos«» Cross-««etion 
for sofiw sttloetoa ( n# p ) r^eetions havo boon neosurod at 
14«@ Hk o»S MoV« Litsratvro veiues / IS^M / of the cross-
soetions at othar «n«rgi«N9 h«vo boon oocnpilod. Vhm 
ssctMHTiiMfliitDl caroBs-soetion valise® havo boon oorap^r^ with 
tho cross-soetion veluiw ealeul«to(9 by tho stat ist ieal theory. 
PreMBOtnrxMm^  amission of particles has ^Iso boon takor into 
eeeount tt>ing tho Hybrid fmdksl / 35 / * A ctsm^fotm^ eotfo AC? 
baa bean €evisXcfpmA for this pnrrsoso that tskas into aoeonait 
tho partiel«i whloh aro aodltted avring tho equilibration oi 
tho atseitod eonoosita S'^ rtam alongwith tho usually 
statistioi^lly aroittaia psrtielas* Pro»eoR p^ouna araission i s 
eonsidorod only in tho f irs t amission stop wharo the ONcitation 
aner^ i s sufficiently large* rurther details of the 
fsaasureivnnts* the analysis and the ootnputer proorainiie 
organisation are given in the sii9>seoi»ent ctispters of this 
th«iis« 
4^  ii £ 4 ^ 4 i& £ & & 
r:at»i© .leo ; ^ (1931) 7SS» --
/ 2/ tm v.\iftio anrJ . • ' -ol if tf c-onc-t, i^andua ^^4 U-31) 7:.i. 
/ 3 / '-•<>^ « 'etatot ' f «iroc» r<oy#-iJC* fi il& iXSS3) 42u» 
/ 4 / iS* CisUhric^i r^tuiKi j ^ Uv3a) 3i2» 
/ V «*• * 5 ^ f :3at»«© i ^ i iJ36) 344» 
/ V y^m'~'tae% i-^aslo and ,@lsso£jf f ^.'-ye* '^«v« 2(L U'-^^?) i45» 
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wMimm iMtdp<Mi prwNRt In Vhtt ^mvlm mm ^mBimtmA Itete 
iHfiMNHi% jftatsaeNMi ^ tiMi •IMMI &e <Kf iiiffMfmlt • I w i t a -
flM t«t« «^ tmwmtiim * « * • § • partlAUlav aetivitiim ffoAiH^ 
«ii« SmmMOmik mmattm fInn *()>*# ^MI Initiiil ««ioiBtri*i«e 
* • CTj* * w * ^§f •• •• •••• i 3»1 J 
«N»r ^rtil wtwrt N^w«3riaf« for mm mmm #^ pii» < t«t I tUtmHA 
im tm$iMim6 90 m %» tmm tarn memimt tlw •iiMtlt«ii«ott« fariM* 
ie«iii««y / t / hvm t»mm ttiat t^« aiflita^«9r»tlMi r«t» 
( an / i t )|^  •£ t ^ i^lowMrilvt nsMTlia* In MM •p«»Ififii# tttuat 
m tfliltrwry Iffvsdtntiaii tti mt^i/m * t^* «ii« «et«r i t htm 
Smmfwt tfir«ttgh « timm *%* i s ftvHt Hf i* 
fl«r« * HQ* I S ttM aMMNHr <if t«r««% niMlittt prvMitt In t!i« 
J< 
««^* is «lM mmmim ra t * «iMMrv«i Isy « ^ ^0me^m^ *t« t i M 
<^t«r lli« atop «t liirii«iati<»fi« H M H •« 
« . e 
l t i«M • 0 * i i tiMi giOMtrigiA i f f i«i«attf e i Air«««rtioe «»« 
( 1*2 ) mM C %•! I 4NMI ^«i» •« 
S • •^ ^ 
CTjr * 1.1 Miiiii , 1 , 11. I I no, ninmiii • .iiiniiim..i!. i.i.i • • ^ ^•^ ' 
IMM»titi«e «iii»«iriiif on I^MI r l # ^ iMoii • ! « • of •qpju. ( 2*4 ) 
IM aat«fiiiiiwa» 
Xn aetit*! ii»rttai«ti«» iratrl^M «et iv i t i« i # M to 
# i f f «««it roMOtionfl n w * IniHMMid In •«apl«i« I M t«»Mo«l 
nweloi of diftontnft rwMttfliiii fanwrttUf #ae^ «rttii <^ii«f«ii% 
iolt«iioa for ooffiotomtSy 1009 tlmo to ^atoin tbo oooiptloto 
jiae#y o'liMfooo* Jliy^mi^ of ttioio cmpiwi aomo fiJMi to oiirwoi of 
#iffotOBt half itipoo ooCToapoatflag to Hlffofont roootlooo* 
votoo c^g^ «t ooto tlHit oftwr iSio ijrroiilotiofi* Wmm ^3m 
O m N H r W E i V^WIii i l i lSII • V v V v 0 « OOrO 1»1IM[^ inilNIO**OOUI>AIJIM SElMi 
fwffOVOail JfOOOtl><KBtO lljtfVO I M M R iMAO^OtOd OOtitig t l lO OffSOtiOtt 
I t«S ) oftor oiti«tttotl»9 t • # In o^ |ii« C 3«4 ) • • 
<^|p iiwiiiiiiiiii 1111)11 II nil iiiiiiii iiiiiiiiiuiiiiiiiiiiiiiMW«wwi»wiw»iiwiiii»«««w^ • • • ' • * I 
^ m e % M^ • i Xm ^ '^*0 ) 
13 
•f !«•• ^ ••$ MiV »gw»rwn» 9te« «itn •tfv«iit«gft of ttio 
9 I 4# » )o< roit ion i s i t s tii#i osowi-MMtlofi «t liw a««t«nM 
•rnrgy ^ the or««r off l ie iMlir* worogyor» t!io M«etioo fUlA 
im •liwst itotffoi^le < withlii tSbmut i % } oatf itiitioit onorior 
only ifo«0clLy aoptiitft on tho oMtooion anflo* Otofccrogti»Moltoo 
ooooiLMTotoc frf? fiiio l4iiMHrotovy IMMI IMMHI wNni to 9 ^ &M itOV 
#o«toroR hwm / t A fho tfoototeo hmm hw boon nodo to foii 
on thin «ritiiM t«r«ot / I A Sootron i^Maag tlM il^itor 
^orticlo In V ( i« n ) o^  ron«»ton« t^oo soot o< tho «voiI» 
^Mlo oootvr* ypom tho onolytio of ^lo tooetion dono by 
i^ lov ot oi« / 4 / onA Ninooo ot oi« / f / , tho mnitn-um 
flprood in tho nootgon onor^yf for tiio q—iM»><r- y oootf in 
Ifvotfiotion* hM boon ooloulotod to bo iooo l^ ion ^ o»§ MiKf* 
tho dootoon b o ^ h«o boon first oiioMoa to foil 
on 0 ooorto «iMNi# ^oooa ot • aiotoneo of S on» fmn ^lo 
tritiiMi tofffot« Vho foonolng «nd Mwtfo voltoq^ h«yo boon 
»#J«tftoa oo «• to foeiw tho ions in on osos of i an»' on tho 
fiinrtn / « A «ho trition hot boon fOloaod in o bvooo oop of 
thitnNnooo sOOi oob Moittcon inmdiotiono hovo boon oonrioH 
ovt ot tlio Qotor wiMbB of tho bipoMi bjiOkinff» boon oonront boo 
boon rtlroiitl v MMMramd bv a nittrooMMi^ oif* h •i«M8i miflhiAo 
ioeitfo oyMol noontoA on o Cfit photo mitipiior tii»o onf 
l^ oootf ot 90^ to tho IneUont aonttKon boMi hoo boon «oo< oo 
• foot nootffon mamittmm Wowtgon fion of tho ortf«r of iO* to 
to* nowt,mns pm sotoni hetoo boon nooa in tho prooont 
BmgHmm for irroAiotion hovo b«Ron proporod with 
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than t9«9 X» SsMpl^a hmvm hmm wm^ b | ' imifomily stsr^adiiif 
th« poifd«r<Ki s«tb«t«ne#r or tlHilr thlfi fo i l s In a thin p«r<t|»ax 
r in^ «>£ inn«r (9i»metidr i«3 es««« uliic)^ h«« h%ma CQV«r«(? by 
th« e«l,it2ii!M»« tmmm on b o ^ th« 8ido»« Tlio »iK»i»nt i^ ttio 
MtMitftneo veriisidr from e)*^ «« to etso* Xm those eii««i «^«?ro 
t})«! iietivlti«K!i hBVm hmm r«»corAiid by ^ » emmttc* tho tMaplo 
t h i e ^ o s s hmm bo«n *:«pt beti#o«n 20 iiftd :N) wq/em% «hlXe in 
cj^ arw* which hj*v« !>««ii »tTidl«id by iollGmtng |p^ -«4C»y»# » larger 
mrnmit 9f tb« mdi^ fitaneii ( <:^ 1(>0 ings.) has b««ti t}««a dvpendii^ 
on th# enirgY ©* the V»r«y« / 7 / • 
crew»-»«ctt«w«i hjtvo b««m lattmsjrcN* reltt lv® ^ 
*IA Sift 
Po ( n, p ) »* roftotlofi* h erots-toetion valvMi of 102 ab. 
h«<t H(NHn u«od for th i s fftftixiard r*iiotlon# vhlefh i s th« %i»i<^tm!i 
avoragfii of th«B variotin rofsort^na RMi«^%r«n«itt8 / S •• J7 A "ho 
iPttl^ MMi of th« * offoetiiro fie^rofi flxiae * < iioutron flvx m 
gmonmtrtcml t^iielmney ) im ouch e««« hAC boon ftmm* from the 
ioteneity of the itetivity ifii^uced in the •tftndar^ it>ya sefc^e* 
Iron »ft a steru^nra hss @M»y itavefitegwi* the «a;ltetiofi 
ftinctioR / 12 • IS / h«it « f l a t »h«|Hi erowid 14 HeV, ihe 
vftiue of crors-eection «t 14»S MeV i« «|uitft h l ^ and »o i t 
give* «trong ac t iv i ty even for irrf.aiatloR of short diirf^^iMi* 
n# p ) Mo reaetiOB pro<?h4ce« « nearly pttt'e act ivi ty 
of 2«S4 hottrs« vhidn co«ia be etudied bol^ by l^te p «>co«»t«r 
ana the ^^ r ay se in t l l l a t ion apecrtrwrnvter* 1^ thia v«f 
mmi^9\xtm!mt^» huve been done for a i l the cie»e« in iihieh the 
product mselei of reiKOtlona aeeay by elthee the beta mn& (car) 
the ^aawaaMPRiaaion tiain^ the tmsm etandard sateiile, Figurea 
( 3»1 ) and < 2.2 ) re»»ectli»«ly ««aw the tytJlcal decmy c\srve 
obtained by /^  »eoiinitlng of the irradiated $6 p^ atandard 
aa«i[^ Xa and the epeetrtm tti 0»S4S HeV piMJt'iwiiHMil? of the 
9tmt^mt6 Iron aantple ta^en by the r ^ ray a|>ectro«i«rt«r. 
15 
Stncse th« mmwtaatwmatB hmm hmm mt«A« tuA&tivm 
t» lsh« ^ « < »# p J Wte r«®«ti<!iii» ii«etroii tXwt h&a not 
IHNHS fmmd air«etl7* ®^ infit«»(lf tttd viii«wi of the «e£«eti^^R 
mmtrmi flvw i«««« C (^  « <S ) IUMI £>««» <§i^ «Hmliittd in mmi^ 
«§«• £r©!s th« liit««i«ity of tb© act iv i ty Iii6tac«d lo tlwi 
•tandara iron saifn?!** Xf ^ i s tli« tiuilMr of fm mieloi 
fr4ii!«fit in ainirofi ttiiiipio #ii^ if t h i s fieapie i s irr««fi«fe«i 
for » tiiiMi * t * thtffs i t follows ffoei ociiu.^  ( S«5 ) tliat tho 
offoetivii nootrem fl«m * i dp * O ) * eaii b# ciivtii «• §« 
, J ^ . t •» 0 
<> 9^ • <3 ) • . , ,., „. , ,„ .,„ , , ,nM I I, • • i 2 , 6 ) 
Whore 
C^ » 9 m t/bwimcvm^ ecswitin^ r^to C of tho oet ivi ty 
<flOO t o SSji^ * _ I CMMSHtiOO # <lt XOFO' 
t ino oftor ijrra<§i«tiMri* 
i %mm ) m »«tur«tion eorroetioB* 
& m c^fioi^fiey of thm a«toetiMr« 
<r( ii,p) • tho < m0p I &t9P9 ooetiofi ia ^ F o ( «103I ito). 
fliis ogr*. , ( 2*$ ) ha§ b#of) wm6 in ealruiati<Mi of tho offoetivo 
In tlM>»© c&»«M lihoro tlTMt irre^i«t lo« tiff»« h«ve 
b#«ttfi ion^yoir thi*^ €iv<!» wljititoii# tiws ©tmi^ wf^  Ijrcwi Oftt^loo 
Olio '^n oiic^ «li9l« of tho w^knoim ooi^i* havo boon irradistod 
»l???alt»rM*em»ly. l^il tM*! t!ir«» oontpios hmm hmmi th«m sttiiioa 
lyy th« oam© ^lotoctor iti i-^Nwritic i^ t^^mmstfi-i^m to koo" ttio 
^ooeiotriei^X «fficior»:!t/ of eoontinci o»fio for a l l eao«« inoluding 
tliMMio of attort^ara iroti* In otesfNs w^oro t1i»o lisif^liUNis of tho 
TMro^ iict fsucloi h®v® Ijoon short# Bwmll i r r t a to t ion timm hevo 
K; 
iMMm mapltsffm^ to »voi<*l the baii4»ii|> CK£ b«€!k ground aetlvlti*** 
St»eti ffiRRll irr«diaticm@ hftve net prodtie^ l^ sifi^r«eiab|,tt 
aetiviti«« if) stanaftTd saa l^iMi* tlut f£f•ctlve no^ atrofi tlvsK. 
for 011611 €«••• heui hwm iomvB trtm th« cowling rato of th« 
f«st n<R«ttr^ a monitor vh^eh hs* b«»n !»r«vioi»ly ealibrnt*^ / 7 / 
throv^i fftandlara iron •nnti^os* Tho pocition of tho n«rattro« 
iwmitor hac boon Icopt f ISHMS* 
Aetivitlo* indoeea in difforont naiaplo* hauro '>o«aii 
folioir««* by th« mn6mwinikm /3«<3ewitor and or tho T^^t^ 
oein^illation opoetromotor* 
Ml «nd vin6mf l2>«Meoiwt«r of viadoir thiekooiis a* 5 
mg/wm* liui bomn «»«€ to ooimt tho j^vyMirtieiot* It io shloldkid 
hf 12 emm of 1««45 frmn nil vi^ kNi to rodueo tho buele groiotd 
wmSi « hoio in ArilloS in front of tho oenaeitor xtSja&mtm Aetivt^tod 
•iMplos hfuro boon knf^ t. in eoatoct with tho windoti of tho 
bot»Meo«Httor» Attonuetion c^ hititm |Mirt.iete«« ta this eon^tion* 
todk oXaOe in half*l^iOir»o«s ^ tho oa^lo* in tho oollolooo 
taiMi mn6 in tho winSokr of tho co«attor« Jn e«»o» vhiaro tho 
rR(#lo octivo nocloo* doeay throu^ botti p«rtiel4§« of aiffflront 
mmt<3lm»0 tho dotoetion eXiicivrtef 'e' of tfm eo«tttor eon bo 
eoloulBto^ by tho following rolation §• 
€ » o o * 4 b o * • 0 • * •• •• ( 2,7 > 
WhMTO a« b* c •*« mrm th'^  fraction of tho totol rftdiations 
which ar« doeaying thra^ iigh !>ot» o«rtielo« of «n<S point onorgi^i 
H* *^ * *3 """"^  ' ^ I ' ^ ^ a * ' ^ 3 ••** *** thoir roopoetivo 
no«8 aboorption ec^offieients and *d* i s tho avwraqo thic^mot)* 
< in ^o/om) which a [» •partiolo h«« to travorsis b4[^ oro 
•ntoring tho coontor, 
A H©i ( T i^ ) oryotal* in tho fo«» of r i ^ t eirctilar 
the t^^ioctJjon oC i •»raya» In u ^-jsav' £Ji>octrua# cocl' .-ai^t 
:icX.>jt e:i--i:ea,or<3e to um aa&ztfj i o a t z>„. tiio ir-c^idcrtt c-r^^i 
#jr*eii .li-tcn* 4 coe t^e isx i t i^n of t3io :.b-ji^ )-»:,-«Qr^  in v. .esse 
of a : a r t i c u l a r r-ray c*-i.'^ tcx ,-?, a dacayln.,, ojurce -is c 
I i i r c i i >n r^ i t.fie i t i s . 'O^cijic to dotxjrt'^lrie f2%o i'VAis:»ii,.c 
of ei<5 it.cii<le *:os: oris Able UJS tJso I'Oa."'* fiiR a riciojsci- o:. 
til!© r xBf sr-fjctr «v>ter- can xs wri-.eon ao i 
ai^ ^z: t l o a c ;cxcctiorj» 
:. a I. t^ xmi ©c-l ic i<»t to rciocr!! €ie cri'OUJil# i3^ A-a*ae# in 
s-'V&i c..<-.f*s uttlu: lo ii^M- r-xi^o svivo ™i^X3n u.^ riC! t^^ cj^ -CfV© c 
o l r*?^'^'© in t Aj a jsos oso l*iVo DiXJti a^^XUxi. cscay o£ u « 
imiucoC -jctlvitUm ihiv^ .xxm Collo^miCi tilt tim oountir^ 
U>© etciri. a rc s^ air. i c -.ifK. tho Etsir I c -ja .»o ot,Hj.or^|i a t t-.^ v. i.-.. o oi 
18 
irrtidiatiofi mcym act ivi ty mmtimaatrnmsnt « Viam6 9mf^9i hdldwrs 
th»n 1 %m 
Vttriiftlmi o€ iMRitron iXvm d^trii^ th« p«rio«i of 
ijrr«idi«ti<m can lULso produe* «rr«Mrft«i 9e» nvoia it* «acp«rini«mtAi 
4bite «(f thoit« a<9e«l«r.«!t€Nr nm« h«iNi hmmn r«jiNrt«d in whlcl) 
th« iicatron ilvm ( fa»t iMKttttm RiORlter emmting r«%« ) dheiKiad 
by nor** than 3 %^ 
I1i« < D, D ) r««€ti(»ii i«oauc«» lew mn^gf ( ^ I M«V) 
etfutrmift «t th« pln«e o£ irradiatimt* Hovciriirt thu ra t io of 
3 nmV neutrons to 14 H^iV aaixtrons i# ostimatad / 7 / to ba 
loss than i t 3MI0 « ao ^ a i r pr<Mianoe i s ai^Mestad t o introatica 
•rirors o£ fiociii{|ibl,a amoimt* Um mmtgf ftautrons cufi niao 
ba i:codi}cad by In-alas t ic aeattarimi oc n^atrona* Silica in 
our c«»a t^« t«rgat h©« ba©n saouutaa cm e thin becking of 
•OOt CMw tbleknaas rmi^ no builty isuitaritti vmw pr«taRt naer i t t 
tha ty^aaibility of in^aiaatic sectttarin^ baa bean radnead 
conii idl^ wrabl y • 
fba i^aaanca of tbarmt*! naotrmia* avan in B sfmXl 
mmhmsr, enn eauaa atrious arrora* dua t o tha bigl} vmkmm of 
ewma-aactiona at thmnm anargioa. Tba tharmaX nautrone emi 
ba nrodocad by w:«ttorina from the wislls of tha iab^Kretory 
and othar ba?»vy »f t«r la ls atJeclally hydrogontoiis material 
aromi'^ the tart^rat. tb chack tha affaeta of thermal natttrona* 
sof9f» mpmpleB hava baan aeparataly irradiwtad with end without 
a ca^ t'mltjw eovar* Iba two Gto^n-amstiofi viil<ii®» »o datarminad 
hava hmem fmmd to ba in mcirmimmt within tha «icr>«riBiantal 
ilW MtkW«§\§, iit4«t,t ul Tmaa», M/slU la ttw f^imait » 
fn»eetirj»t«i t/alfhin^ and ch««iiofti imfKirltias in tha 
IB 
t^G ^-'"i loo i^^ ceuxtit.Qiy ij;^  a nlcaxaiofxs© a:*! uOAr^ y 4»;x«:t».^ M3o. i-
. vJ-i-iic-aJt oseojTO .-a^y itrJD caiao to cooo 0:%-oriciltjij 
a / io c w<^ !>.'Vo >.X3n a3 larf jo ca3 SO?i« »bo^ !-j»ivo ''joem £o-«?o£j 
'^^^ 1lA.f1 lirlw Sny»j^.«.S^.Mll^aii l& * 
':\iciit}Bm -th-^e la-^wi-i^ \mimll^ pKGimnt in SKitHcal. aul:fitarxsoo# 
cnx-.c j^-;cti '-'^ i«o«(rii]^ (2) are csKi^ actotl to JQ vexif srsali .in 
ipf tp' t inr- (Mate 
_ I imiiiiiir 
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_ _ _ ig 
r^_Cct. J- • 
G•- '^"I> 
L*f j a ' f J--
-417-'^ ''H 
f^  ig 23 Electronic circuits and ir rdd ia t ior i a s s e r n t - i / . 
20 
'lietssctions for a!ilct> cro'-f^^eeettonB hi^vm beers 
K»nmired cpin b«» c^ivWe^ Into tmo cr»tef7i>ri@c accordinq to the 
hfilf liv«w« of thfsir r«?lfHsfll rmclci* "Jtse l#ncith of nm'.tron 
lrrf»i^l»ti->r»fi h^ jv® H(«<*n, ''^ ^cl*!!*^ by th# hnlf lif^" o^  a c t i v i t y 
of l « t « r « s t . In Cf«i8»'r of ^hcart b-'lf l lv#8 { ^ j / j "^ *^ -'^c.) 
fl^rinl)^ ^?^m b*»0n irira<^i«t«a for rhor t ^^urationn t^ rvold 
t*^r j^itij,*. «•• t>f bi^"^ -Troairt!* a c t i v i t i e s * Tt-ie sboifeet 
trr^^c'ii^t'io'^ tl-ne hrr. ^^en of 5 seconds sfuretion r(n<S th« 
l'^ «i7«s«t hfia b«N*n :>f If ho«r«» In C9»©r. of lonq llv©6 
^jltb tb« h©ir> Of * sfeo'-' vateh, v?hil©j^tho e©«*« of shor t 
h«<lf l lv«5 , th« ^ec«Y of t he »«»iw>lr»f» h»ve b«®n follcawe^ by 
tf'f el*>K*trnnJc c l r e r i t ? ! e-'<©ci.-^ 11y dewslo-sed / S'^  / In t M s 
'l?itr>r<atorY* 
ft block fU-^ cruK! oi tih© electrcmlc arrangement 
S5l<>n"^ it^ ^ the ir*"r-'"»i»tl">.'» .-sf^ r^ c'isly i s .^ hoiwn In fl'^ f, < '^•3 ) , 
T»T r.i«^tronJc c i r c u i t eon?fit,ntf? of ^ ^nlr^0 ' ter.mrtor 
Srey" oi^^ riilsf? "«f»r l'^  oaconfls to l*^ *^  nulcec? pmr ®aco«?c!« 
Tb«^ «(«» -^ ut*?©* h«*VA h*»^ n wsed t o t r l a a « r ^ ten s t s w rln<> 
emsnt«r. Itj® tmlsses fr-?-^ the o«tp«t »teg©8 of th© r ing 
cji^mtar ?'re sho '^fi ir. fia« C "^^i )» "^^ gsstinqf p«le«i^ fro*-^  
the* nutnwtr of t^© riti'^ emanter hi»ve tvf?en usfVl t o onon t«m 
ci*thc<3^»«foll-j»if€ r^ trrsnfirnifflsion as*t«Mi# which in turn alIoi#©d 
tfe> a«t«»rtor '-swlsa)* t - b® crj«nt@<5 by Pcol«r« In «ucc©esio« 
fo»" «> e^rtp-tf^ «?wr,-*tio«i -^ f tlw© <!ler»«f5«3ing on th© fret-nseney 
of tT e -"ulsf* 'Tfi««s«''^ tor« 
Crosf^'Kp^i^ion® hmfm be«r. cslcwlt»t©f! by a?wlyir«»7 
t.hm «»t3^3 correc^tiofifs ^or the «?«ci»y of thjw sarnpl©, for 
r . l 
eo«intlnr? effIcioncv, for g«ometry» f»^sarwtlon, €stc, Th« 
<?«c?5y dot« ©rr l^oy©!'' h»v# bo®n te^«»rs fron th« l l tecrturc? 
/ 3NV :?l A ^©actlona for whldi eroes-•««:%ions hav© bflwn 
rwiptetHrea a re ^rlvan in Tebl® • I« The* dbsewrved hPi.lf»liv*(!Mi 
of tb« riffsldy**! ntic3.'»l#r»<31»tiofi <l«t«cto<3 an6 tl'j© mea8urei6 


















































W V, *CL la, W W 
" t! •? I 
f. 
<9) 
E* C C C C 





































la. W_ W 
I t 
01 10 c* 
1^  'W m 
Ofc *»> f«« 
OS CD (6» 
l(L +* W W k^ W 
i o H 
CS 
























































































/ %/ Q» ^mMlnt^^m 'nn4 J»-M« Vrntn^i^v $ Iiilato«iuctiort to 
lnc,# H«w York, 
/ 3 / C, 1. iQ^«ran« i Ph.r.» ll ' .«ais, Aiigsrh Mual.te t?)nlv«r«ifey, 
hliqmh i t9fi0 ) • 
/ 3 / K.H. B r^rJ-c" '^11 f Physieg Ib&y 22 ( 1969 ) 54» 
/ 4 / J .w. Povler a«a J.E.. 3rol3©f i R«v», Hod# S1»y»» 
3 t ( 19S6 ) l«!3. 
/ 5 / A.o, Hanson, H,F. ffioach®!? «knd J .H. t«i31tM» f 
E«v8# fed. rhY»* iX < 1 ^ ^ ^ ®3S, 
/ t / n . Pransf^ f P^.^». Tl.rsis, l^fT»ar>^ Mjslim t*nlv«rsity, 
/ 8 / t4.l. ;toi3le ana fi.*4« Qsits f !SiJCl..gf4y»* l^ 2®3 (r'*??) 269, 
ana * . I»a»«|iier©lll p iMCl* l^ liy®* ^ ( t9S4 ) 337» 
14 i i97l ) 251. ^ 
^,13^ < 1969 ) 387. 
/ 1 2 / H, Liskiaft ana /•• f^a«d»«nf J* '"-^ticl.itl* ^B19 (1965)t3# 
/ 1 3 / D,C. Sentr r & J , P . SHstlert C@n«J.aty8» i | (1964) 1030. 
/ 1 4 / J . T«rrel mfM? D.K. Btelfsif Fhy8,R«v. Jygti ^1^®) 2031. 
/ I S / J.5^. Hemlngv'e^, fi.K, J M W # , C;»B,M. f%rtlii ard ©.!<• ?4airtif > 
?roc. fioy» Soc, ^^9i^ ( 1966 ) 190. 
/ 1 6 / B.i>. K«m ®t a l , ^ucl.l%ye. J ^ ( 1959 ) 226. 
/ ! ? / r4, Sorf»«rin @t ©I, # 2* l%y»lk ^§^ (1962) 477. 
/tf^/ P. S t r i ^e l «t s i . f Phys. I*«tt* J ^ (1964) 104. 
/ ! § / B. Pr^B&^ auifl D.c. Sarkerr i^roc, ln«,©lv»Xfi8t.El@«rti. 
and ftaa.Ei>gtn©€r® <|, (1966)126, 
/ 2 0 / c*"<u i*(S(«lir<» f Jr,?!, H®Hana«r end Z. P«r4nipnt %'i*l© of 
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^IIIHIIHIIIHIIf*' 
C 3.2. ) " »« * l i . - . .^  -'. % 
-m «^OT <» w mwrfi.a T. L m wn—•iim n m n i i i • -r-i\' I T - I T — ' - i " T — 
_x>:;y of t. jclcor t''..ta« cii*&s»i>i: / t / acii "iis 'ircKi, / 2<»3 / 
T5?f^ '»s<xl t -iC tr ^<jf-ri i/> 3.-^ 40» o r a ccrlai^i ci«-ws oi 
•^5tsri.»'i# o .•':i.w.lcc'»l t eos^ r& sidsm th© --^st c>r«Tit l*"?:^  -iu' 
,:-i/^ iajsitii-aDn en.* iiii» c t i s i^.JCtlc .LXSIY -JIT'^V. t QitA'".ti3^ a 
in Uf^ ich c.^ X' r©0Qiiai5c:os axe so c loac ly a -icoO c?:n ^UTJC. to 
t o l r wic*i> t:>i4t u t any oo© inciOent araatron oncsTtj^ . a 
i c \ ' u : , «;. Of! '-.'iG lllCA»»Cnt OOClown O J i i . l d C S W*U1 tAi<2 U . r e t 
je ro, i ly n rf«. «uicHJia D JUj.r;o iiu > r ox ^^  r^tic'!<-*"*» 
. I' :: " .LXi# nt'1%) oi taw wi^l h,vcj £JU i l ic iont svjr',', to c^a. ^ 
'I* 
nuclflfixs i s form&d* Sseeitetion of th« €X>npoKm^ nucleus 
^f' t o th« inaomttiq nxxcleem 1« BO high t h a t a continutaa 
of leve ls of giVf^ n «w«ntwm miRft»«rs mseh ««s t he axc l t a t ion 
e n e r ^ *r* , ?»'^ <5\jii*r momentuffl J •' # p a r i t y n § «tc.# Is 
fomwd an<S » e t jp t ia t lea l eviprafie 1;^  otetainexS ovi»r mil 
poeplbl'* c»ufit*tvw nurb«r« aworig the atAtca* 
k? %^aiB»im^ffl€fi.HBm::/MJL^ » ^ ® 8»«9e of discay of th« 
cwttpound nucleue «3«o«n(5« on th« ciuantum paremeter* Z^ ^, Xl , 
# t c . of th« co^f^ountl! «y»t«!s ««»? i s aasu^*^ t o b« indi^:>end«r)t 
of the node of forwifttlon of th« cent^ound AIICI«UII« 
Itiil« ind«p«rw?«nc« asswwstlon / 5 / #M1•^bl«;t^« 
cro»»-«#etion for ?» given laode of <1«c«»v t o b« factored in to 
t h« cross-??«ction for forffwitlon of th« coRr>ouii<? micletM; 
tiitwMi th« p robab i l i ty for th© eoi?r)Otina nuc1«u« fee v^«cay by 
t h e given channel, W« can thus BiD«a% of t h s crosc-»€«rtlon 
for a nuclear r«©ction A ( «« b ) B rssu l t ln ' ? !« e f Ir.aX 
Stiit® 88 
cr( a, b ) m<ns ( • ) K P c <b) .,• ( 3.1 ) 
H«r» 'o"© («) is the rrrosB-section for th« formation of the 
compmmfl nuclaus C, fontwsd by the nsrtlcle *©• incident on 
the t«r«jet micleus •/>*» Pc (b) is the probability of decay 
of th«» comoound nticleus C by th® emission of a particle 'b* 
leevino p residual mieleus •3*. 
ItiiNie three asRWnptlone discussed ebove enn be 
eonal<l<«red as sufficient foundation for © statistie?«l model 
of nuclear reactions* However* some times tifo more s«st»np» 
timts are needed t 
(d) Continuum of Fiiml at«^^ • Zn each aporoschsble wn6e 
of d«c»y X ineXeatlc scatterIna, charged r>8rticle reactions* 
fission etc, ) it ic assuru^ d that the state of the residual 
system formp a continuum of levels* slnllar to that assumed 
for the comrKjuna nuclaua* For each mode of decay there are 
thuB awny eh«rm«l8 available* eorraaponaing to the vericma 
f ina l atataa. 
(a) Abaancc og CaiaaQima Blaatie Seattarinq t Hie enfopamA 
nuelaiia \\mn ao many Ofv<^  channala avallablat ^ a t tha 
farobability that i t aacpya by anitt i i ig a aingla part ic ia 
of tba aisne fype ter^ afMurgy as tha itteidant part ic ia is 
t«>1tan to loe na^i i^ibla, Shiia tha alaat ic aeattaring ecmm 
not ta)ra place thrtm<:ih tha ijitcrniadiary o£ a coiepotina tmclaaa* 
bist o««iira in the a ta t i a t i ea l trnxlel onlv ®0 ^ ^ di f f ract ion 
of tha inci<^ant m»slacin baem by tha tar^at auelaua* 
tha a ta t ia t iea l thaory of msclaar raaeticm daala 
with avaracie crons-aectioiwi. iy> a graat a9ct«nt tha traat«» 
iMHit of avariKia eroaa-aocticma enploys an awaporation 
mMSal. fha aarly forma of ewa$x>ratimi {nodal iNra davalopad 
by Batha / 6 / , waiaakopf / 7 / and i^aiskopf at a l . / I / 
aoon eftctt- tha canpovoid tniclaiai vaa prspoaed / 4# • / to 
axplain mselaar r«ionanea eroso-aaetiona* 
thara \mtm two fnaj(Mr aafaeta in tha aarly 
t imi tha<^ry« Vhci f i r a t eoneama tha lael^ of oonsarvatiem 
of to ta l angular moimantttre and pari ty in tha eroae-aactiem 
formiiaa. fhe a««ond eoacame tha uao of coerioimd nuelana 
cross-aaetiona ^rhieh do not aahibit tha giant n^emancaa. 
iha giant raaonance^ ara &nii& o€ tha dominant fcMituraa of 
tha intwfMtion batwaasi a nnelaon and m mielaua* A tnodarti 
tmn^ottk^lon thaory haa b«jan bu i l t along tha aanie phyaieal 
j^ineiplaa aa tha aarly avaporetlon thaory aa^iqpt that 
eonsMTvationa of totwl angular i9oai«ntiim and par i ty hava 
boan tak«m into eoootwit. «h® abaorptiors eroaa-aectlona ara 
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• 1 > ^ « 
:,:8 
roHorroa «• th« Haii8«r^«ilib«Qli moael. a£t«r thtt authors 
/ 9 A 
In e imci<tar r«actiem o£ th« typ«« 
A • « — • B -f b 
wticn the llQlht ifieia«mt pexticlo *«* ana emitted par t ie ie 
*b* are both in the i r gr&xxn^ states* the i n i t i a l and final 
<|iianti»B msKbera are related to each oth«r t h r o u ^ the 
£ollowin<;j consenwtion latm for energy* ifKMBienti»ft end narityi 
ir ) 
Here S* Z and P are respectively the eseeitation energy* 
spin and the oarity of the target A i «^ile i and p are thm 
spin and parity of the tocid<Mfit particle * a'^primed letters 
1* * Z** P', i* and p* refer to the eorrespondinci <3iiantitie8 
for the residual nucleus 8 and the quitted particle • l» *t 
€ and e* are the kinartie esMrqies of the riAmtivm motions 
in the incident and outgoing channels with 1 ( 1 M 0* 1* 2, 
3»«. ) as its c»rbital angular moamntvem^ Sa and Sb are the 
seperation emmgims of the incident and (piiitted particles. 
According to the statistical theory the angle integrated 
reaction cross-section* avaraged over s large number of 
r«wonances* is given by / 9 / t 
•^ ?;-E ( «* Z* F I S»* Z», P* ) mJ~^A (S*Z,P| U*J,;7 ) X 
•«• * \ J* 3 ) 
WhereTa ( E, I, P f V, J, n ) i s the cross-section for the 
formation of ec»ipound nucleus with quantum nu^iber < y* J , r? ) 
by the incid«st pa r t i c l e a* Fb ( II* J , /7f S** I S P* } i s 
the pa r t i c le width of the easpsuad micleus correspondir^ 
o 
t o i t s a«e«y to th« lisi^ rei ( E% I*« P* ) of tlt« reseiduttl 
Riiel^uo 'B* by th® ©uatwitow of tho |!»«rticl* b» Hd!,*!, P> 
l9 «^« totftl wtatb t .c* th« stuai of a l l tho possible t>ertlcl« 
W'.;'% ©wjetstftTst with the coruii««iwstic«rs 1«»(B given by the »«t 
of ii«soetioR < 3.1 )» fh«» I* 
n «, J, n ) . i : V r^*<u,j.n, i«.i%s^ « > 
• • •• ^ 3«4 ) 
lh« o«r?«Betlors in mm» < 3«4 > emtmy^ owwr a l l th« j!io®«ibl« 
I?srtlelo0 mt^ee «mi!$8i^ |^| i s csMHrc^etieally possible a»d owr 
a l l rwssiblo Icrvitla { r*^ 1*, IP* ) of the rssiaual rmelefiMi* 
tialiKi th« ontlcal M>0®1 fsotsBtiftl t^ eiilimlate the cyose-
s«etion for tho forn^tion o€ eompouna tmcloiis^ in tsrras o£ tho 
trwMMnisslon eo»«ffioiante Tl*®' i€ ) i s givfio by / 10 / 
O l ( E,I,P I U,J,f7) 
a 
T ( 2 J • I ) 
•MMIMti «IMIItMM«iaMIHIIII«lllliaMIWIIMia^^ X 
If^  ( 31 4^  I ) ( 2 14^  1 ) 
.1 • i «l • » 
WWMaMMMiiManM MaMMiMaaaiHMaMHiiMat 
S «|:Ui] 1 m |J««) 
• f < I t r; ) Ti^®^ ( e ) . . (3. s > 
vihsro 'F * i s th® wawi maabM' of the rola t ivo motion of th© 
inciaent i>ftrtlela mm f ( 1, ^ > i s th# fiinctii« ths t masreritsos 
th« nar i ty eonsonmtlon, Tl*®' < 6 ) in mfOm < 3*5 > stands 
for tr®n9??fission o^^fficisnt for the aTi^aropciste '^t^itiil tafigular 
wo!n«int«m an«« pa r t i c l e , ovalisatsa for p pa r t i c l s kinntlc mer^ 
consistsnt with corisiftrvBtion 9£ s n s r ^ * Thss« h^^s hemt mmxmd 
t o bn iiidNip«n(S(mt of tho snin 'J* of th s eoi^poinid mielsiss* 
Factor ( 2 J • 1 ) i s tho s t a t i s t i e a l if«i#tt r«f^«efifitim 
[C 2X4l) Cti+Dj 
30 
firoB the r«cif«raclty thiwr^ia iui i * 
f»6re /^ C %^'f» n } its til© atuf i l t^ of thm l^?®ls fistrtrKj fpoiitwj 
wiriawfe ( ti,Jg n ) , /^ 1» tlwi r«#ae«a tsas®, 6 i s th® decay 
«i*«rw ana ^j-^ i K*# l*# P* # tJ,J#/7 ) 1« thtt Invars® earosc-
a«et4cm# !•«« the cross-8«cttern for ^ e fcawsetiori ai th© 
»iiaU«rIir »« ceil hpw® th« t o ta l naretcl© wiiSfeh • -
n 
. ) ! 
f^„ i w, J , n f i^ % 1" p« > jU.^6 
TT-ft® K:^  P < f^*:^ * n > 
lr»*i**l Ijr4«"i 
!«» « |i«»i"i r « iJ-»"} 
•• ••• •• i 3.e ) 
Finally wlt^. tthe h«I,r> iwE «*J® fltoove ©mqetion the ©vsrerr® 
earoe® Motion ^=^ cim b© «rltt«ri 38 #• 
C r ^ < E#I,P f B\t\¥* ) • T (a J • t ) 
jrTr" <2ui> (2U1) 
^ 
;< 
n^®^ ( £ ) f c I , /} 5/\ 
n*^^ <e) £ ( i ' , / 7 ) 
;i'^y"|i Ti»^"^ (end", n ) 
( 3.9 ) J 
m« »u«» In s?rjM, ( 3»<) > ©r© not iinri»«trtct@a* Tti©y ©jn^  
( ' 
V 
J: 1* * '^ ( c i f c ISA I 
Liiiwiipniiii- vm^ mitiiif'^animtmMtm-i'fmri'mMxwmt mm iimtitn>m^\vmwm<i.(m/itmt'0Hmitet0M>m M^ Will's |WfitHi«Mir4>MI*«iMi  
<sruit.'4l .jtji'-i.iws BKjn^ ntuKJ 1* am* c'laiirKai a,4r* i * , 
is 3ueh tfiit JctalJ.©*! inioST-ijiti^n about i t s i eve i s i s not 
:i'»'-'il<i •i<»# !•©• iwC £%mcti."^ n i€>c*ds to the C3atlmaari o£ UK^ 
rosi*mal a^cX'-ms thofj tZm decay wMth [ Z ^ * «3* r^  ) COR « 
i\nslmiii0 th.i t i« 
2 # ' Kijn 
tl*© integral in the ?5bove »aunfel,€«i €etfc«nd# froii th* 
boonary of th@ e^^ i^timmm i^ tipto th© imwelaiiBi «clt©tlofi 
OfMs fworttie* atBiSRfsifelfm la i!?»liclt ite th® 
a«riv«»tion 03f ©f?ii, ( 3»9 >• Th« t«r t« Ira th» ^wmsti^Mi 
aff-ft riitl<?« io€ nrwi2ct« 3?f** mxvm of l«v©X w l ^ h s , tfie 
wiathft «ir« Jtr».t«rfiret©a as eiwwi^ © wiathe ov«r fttattattcc^l 
«i»lafit«sft|f« of Xwi^Xm l« tho eocr^ wwsi^  miel^ 'W©, Actwelly 
tl^« Btviei'unlnq »l?in occurs ov«r i">ro'*t3K^ .r. c-f!'"" r^^tlo* of 
wi^l%»4 ti«w«wBC, i t Is tfjeryaBTrlif/ osstoiaoa ths t thee® cmi 
b« rii^j[ffe«a ts^ f t3«^ !x*i!ets ©PKS ratios? oS av«r(?fTe wldkhe. 
At *if«5*i*r •«?it«tiOR wwKrni«*^ # itiar© © liargw R««fts«r of 
«*^ 8^»ouna lov«i« sr® «)itit«a* thiJ* ev«ro<3tl«g i» v*iXi«5* b«<t 
li^' t)u90« e«>ii)«« t^«r® oit3"y a f«*f l«f»«l© of tlNs ©9wp«nMi«* 
|iy«t«iBi aar*' «E»clt^# eltlwwr t^ «ef*ii?5e of th» «n«r^ «ef Inlttor-
of tfwi inciai^t f»«si*'r.|, «r -^iHseatr-fTi o5 t*i«5 lo*«wr e»cttt<tlon 
•nergy^t-fw e.'%Miltiar? »f ©tat ta t Seal ix^i&mmn&mjo^ l« not 
«»tt«£i«#. lii wxsSti ©osse© tlNi car!ms-««et4i»! wUl th«a show 
flii0tt>%tl(m« with tl^* ^^rietJon «rf th® ffiiWKre<>» Iacld«^t 
«o»r<jjf, bocpu*^ of tM- fltsctwetianB ixi tf>« mirlfc^r, •wl'^tbs, 
i«t«^f«ir«fnceR ryf the Sev®l© «3®rit«!^ 1 «t mtf mym^Atift aiwwrA?^  
•a^wr^ o£ the €?r»ifr««iir:d level^» fhiM# th© ar?3s«-®eef Ion 
e««dict«a ?^ «rfu. C %«! ) shmMc* thwrofor® ba 15 Sfsooth 
«vs8r»if«a variation «*©«* 'ti^lc^ «K> ob8«wr^ «a arofs-©action 
fit3et«fflt««» to f* ^mxttm or Ifwsstr esitotstt / 10 A 1!lio®« 
fl«ctts«ticm» 1^  'V«» '.«««« cofiai<flor®^ by F«i«W?iMS»» / 11 A 
Thm Ji tat ist le??l thoor r o f f«3cl«pc r®8ctiofia hmm 
prov«6 «9ctr®MWily iWJfjf'jl t o m^lmin the a«?»r®c?© b@ii'^vtfT«r od 
i«ielt«t iof» £«eti'i««s f o r isuciscr r«aeti<inii a t i n t ^ r w ^ i i t © 
i9MMr^l»fi# ?'«ia» ree«fit 0i@#0tar«n^itis / % 12 • ts / fm* 
anft t lar aiaferi l^ i t icw of tSu® emitted part icl<-« r^ na of t h e i r 
(SOMwr^  atatr ibtst ior j tenfe^lw-M^nwr, ifM?icat®e fs l l ta re .t>£ tb@ 
«tat ls t ic?^l . th«>ory# As th® iMc i t e t i oo mmtgf irsefr@&S0O# 
both Ittaratiarc* ars«S tH© f*Kt>(iBr&R»itiil i»Bfi?!«ire« :^i(aits iBdicetc 
t h a t thw ©«s»jmipt4ori of the irtaittfitiep*!. ©quil i l -^riwi a f the 
«welt»a iM»pad»i« »y»t«i» b«for© I t a d«e^y w i l l not r««sifs 
v a l i a . I t i « rasMt© l i l fe l - r t ha t t l ie #»cit«Kl ®y3t€ii w i l l <S©cs^  
b@for® tharraoaynamic « t ! u i l i b r i w i hm r©6«*i««3» In woelcwr 
T^mmtimm et «oa«rat® ®f t« rg i^ t i t i®» tb8r«fore# nec^ee^ry 
t o ec»Miirl«r tJi«? Allies ion af p s r t i c l « c dar ing th® ecfuiiijbr , i^ imi 
©f the ccwrwwjfK! systwn i t s o i f * ^i® par t i c l®^ %?hlc5h ar© 
«Biitt«a <?urin<| the «wpf.-»ilifer,.aticm er® cal l«A* ^©wCotapow^Kl 
o r ir«hM9enillibr''^TO n a r t i c l ^ e • Qptoi thir? peocmn ss th© 
•Pr©««o!®p©««^ «mis«si3fi*, Thi»fs actual ewBtgy ©poctrtr". te 
t h i s tmmt^ r@gicm i s tboaght t o ba ©»?i^««d ®C an «wftporetli» 
or an e«|«ll i t jr i t im S|j#etrta!i nlios ® ^e»e9Rf»«fta s-^-aetryra or 
Rr6««cit!il lbrl»j» !fn«'«ctrta«» ifi® fir^MKHrapoiiKi^  ®aifli!ioi5 serves 
t&B P !!srld«f® b«tt/®«ii th^ two «Ktr®aiti i '©# i««s# the d i r e c t ftrifl 
th« corapoian^ ?«"ocr^0«^, Fol ld^ i iKj four f^wd^ls h w e b*-»en ^Ast 
iotvmt^ t€> iiw5l«fl« the rr^-oowEt'fnsr^ ©eaissiorj of r iar t ic l®« its 
nwslmer remsstionB • • 
<a) 3&itr«fnael©?Mr Caacede y*3«S0l. 
Cb) ! i?5m»mil«r j'lv? -."ksxtm i^s^ial ( Mi® ) . 

















cxx^cl whicS^ can 'UQ aj^.iiea to t;i'«6 tfacjs-cit^ oi osaiaiiij^ ira tloo 
nioc'iQfiiais of t:;i3 \-4LK;fi>l can 'je uKdesjQtood tsoci Cigur® i3«l)* 
rjo^ ri^ r ii'-tos.^c:Jl .r^ u ioll&imC in tlis^© cl,r»esi»4o,nai g&x^iXjm 
In ac&.ai cale*latiof4s tiio t»©J-«tE>rios of t*ao nwclwoa© -ixe 
C.clloM&u one <at a ti;.© .-^criny th© cascociO uatiX sora© 
cK i^iii:«riiiii'r( VE^ lao »%i8 bomi attajjxad ij '^ the emcloem* T!i« 
phyaioi 9c;inc| iiito the csleuiatJk>&9« One sudh aspect i s 
tti& tr(>atniQf)t of tlie oicJlaajr ix»t4sriyui3. ^letll and th<^  msclaon 
d ^ i s i ^ distri^Jitiono /27A Casoadu i^sclol liiis t»o <-}lstJl2%?t 
£e4:itai^ e@ t iX) ltu» x^mm @9Q>lutJl:n of the raactlon can tMi 
©Ktraetadl froBi siich <m ap^gwich oM (41) Xt i s i^© onljf 
!»da4 wliieh e»n i^rt '^idict aiKjular diiitrilxitl0f90« 
t^ve £i? |^uasiULif beton >..o3crl.3Cid i» t^cns of t&» atQ|> 
dovBl&im a catics^ l@ In t^« nudmta thr.%gh a serios o£ t»c> 
bcxiy ouclecffiMayealoofi coiMsiono oxid anxm l a r t i c lo s escape 
fsoils the nucleus* '^i^ ooc»;^ otoi^ i s ahsia st^fj :ln '«r:.lch nm 




















Acsi—ti: •J ^ 
I 
« f t « r iihm f i r s t ®t«Ri# e r r Iw c^iet^toriJd a» « Fffinsd g®» ©rkl 
It© 9t«t«« ctm he- dericrll>©^ toy tlwi occ«i^5»«tioii R«f!i>«r© ®f t l« i •^J^'^ 
r m r t i e l e miel.«dii «t«tcMK« Generally i t i n afl^^id t l i t i t the 
r < ^ i 4 ! ^ i e9i!fiit#a mmlmm l e f t ^ t f s r tiMi Sixtst »tm^ attci l fui 
e tli«rni»(3yn«nl.e iK!|iiilljbiriaf!i in &m^ m mmlt tism t h i ^ no 
mmtenmo s»r€» « iR i t t« i &mits^ t fw r«»l«9»iitJtoii tlia©* I t i s 
ftsrtli«Hr fisfttisMsia thift: tlt«i atiiesioffi o€ th@ miei«ons f r o n thjus 
r«i®9c«a iwicl#«ii ta!?«5plr'is« ^vntsi^i cfwaf^ari^iiaii l i l i « th« 
tharfao^ahfftaniie wmiseicMn of ©lactrcm fiffVKt fiMit»i« ISMI 
«>fiUiiii%^iUK) tttatr of thi"^ r@l,asm§ e^fseitc^ tnaeleiKe i s than 
€hiir»Dt«riiN»i by i t s a^eiteit iof i &ni&tegf &SfB p a r t i c l e nuRfeors* 
Xt i8» hmmmtt li'k^lf thifst the ret ismt icm tiif»e cif a 
noa«r!ft«l7 one i t^^ mmtmm i& Xm<Qm t l ief i ther !!£<§ t i ind f o r 
Dc^iiiOfi MiisBicm* IS i t i® 90# i t i@ pDSSilii® ^^hn^ 
* eiofi«i4J^Mral)ie nm^kmt of psrt iel i&s a t^ tvene® t l ia «R«i^.atian 
i8f»#r^ io88 i » y talE© pl.t««» dKirin'j t!^® proc«ee o f r®l«iiatioiri« 
lDi«pw»!ili«r end Barnfi / 29 / li«vi^ isonsiatrod the f»rol>iaisi oi 
r«ia;%artiOR» i,^« tb# t i i w i n «il%iefi @ masitmA wmalmm etstetiMm 
th«rf?«Daima8iic €K|ulIi^ir<*iw «!*f th© «ii4«9ioii o f pwrtteifsis awring 
th i f j t l f * * . Wiftir woe#awr« is t o sol¥# « loitSMiiui^l ike 
nsapt^r ©qtwtlon im: the t l j tw « ^ l i i . , t i m i o f th« ooeu^>®ticm 
t h« fiT|rsical iaeffim o£ tho ti«ffM>itlUlittr «i»i 
I ii i® ) fm^l / 29 •30 /a^*^ «^ %oim i n f i g t i r « < 3»2 )• i^ « i n 
f i f a r « , t ! t # •Ke i t« t i o t i wmtgf iB ^ iv i^4M i n t o bi i ie of aH»ffl« 
eonvufiiofioo 8i««t mmr t >%V« una tho niiiflMr oc « ing i« i»flartiei« 
•t«t«ie i n oaOh l i i iu sr« th«n es leuiatod iii»S storedif « r « m i 
<ia« a is t r i t su t ion h«ii f ^mora i ly hmm vmm& i n eaJtetaations* 
fh« eeioi i i«tSon h«» b#«R <*»ne e i t ho r b o g i ^ n f w i t h aoiso 
i f i i t i w i ftrisitrwry p o p u i a t l ^ i o f mmitmA i « r t i « l e » m6 hol««y 
or vrith a mmtmoB In «ii« ^prewid ait«t«» 3ifo boay rotidottl 
i iftt«r^ion in tmmmmA to c^f^ l * tti« ocwiipiitim) wat^sm of 
•aeli bin mcOi }^mvem oeeupation fniiil»«r v«ri«» t^ith t ins* l!ti« 
fraetioR <sf oeeti^pation of • R « ^ bin i « th«R ^^XXmrnA es « 
funetion of %%m%» for a 9iiren inciaaitt nuelooii ^ « rnto of 
Aiiovod traiuiitioRfl with ftll imeioems in l^io ntieioiia i « 
eaieulatod agaiii«t tf}« ri^to of amiaaion of amsitoa nart ie la* 
into tlio eontlnmniw nucloofuaaeiooii M^ttwring ero«o» 
••etiona ar« vmmB for eiiie«l«ti»g tlt« two bod|r transit ion 
ratoa with aael^  anort^ par t i t ion boing aaaignoa eqitsal to a 
prioriwprobabiiity* transit ion ratoa in tha oontinuiim ara 
eaietslffito^ using tha piiasa si^ aea f aotora an^ Invarsa <»oas-
aactiona, fh^e^ttxtm^ a atatiatieeii argisnant is aptviio4« «a 
to tha nwitjor of ways tha piMrticia fum ^« efeittaa ml tha 
ntnft»«r of ways i t tmf wmlum ta in tamai transit ion* and tha 
eroas-^saetion i« aiviaad r^oportio«uitaly» 
/^etually* f i r s t tha ra la t ive prdi>abUitiaa of 
soiAtorin^ into an^ ai oat of m^>«lh bin ana of amiaaion frois 
bins abowa tha par t ie la binding mmm^i. ara oaicuiataa* 
After thaaa ealcnilationa* oeeispaticm of <mx^ bin is ehangad* 
aa shown in tha eentral i>«rt of tha fiQora ( 3*2 >• to 
ealetilata a l l tioaaibia ways of aeattarin? into and out of 
a#«h b in , tha aar i iar eaieulation lanst ba rapoatad far th« 
par t idks oeev^yying aac9) bin* tha populatic^ ^ aiicfh bin ia 
again elian<7ad* Vhm ao l^ ion of tha a ^ i i l b r a t i o n r^ni^laei 
in this modai ^mrnendm on oospiitar solution of a sat of 
eoitplad d i f fa rant ia i atinatioisi* Harp imd Hi i ia r / 30 / 
hami ttxtandad t h l ^ modal for the two ooeaponant trntmHsm ^lui* 
rollawimi aaswnptione hava hmm raada in eerrying out data Had 
,38 
ptmsm Sworn tmiglmmmitmel«9iei seatt«rifig pm&m^* thus two 
to tiP0 final st«t#«« Cf> Hift trarwitiaci pn>bdc»i2iti<ift 
#ep«iia onlf an tli« mmtgti^ oi. ^m p@rtiiL«|«i iiivoI.v<«(S* O) 
1 ^ ^ e . 
th« total »tift»«r of stiit®® of ( for proton ) Iba 
itti ff<»«is> witbtn t}i« mi£l@«« «#Kiiie mtim^imii^Xfixkg bctwaari 
;£X. ««« 6 f • ,^ff,. ^ ! - Any b« wr J)t4ei as • 
« • * • 
< 3 . n } 
Ai ? • A g i 
1 / . 
«ii«r« f ^ i ^ ) « 4 7 r v c a u l ^ 
loioi^ fs ffi0 tita smm%^ af imei^ir tnmsitiofif^l •%«%««» for th« 
f@s l^®ia« the wmtmm, V i s th«> i»iei@®r IP£>IIP»# n ie th® 
I5«t5t«iii wmsm '^iM «S€*tfiitlon o«j?5ii«s to ®Xl'biii»» «fli«th«r 
tl)« inicl«ftr «(i«r^ i s Xmsn than i»r gr«itt«r %h«i» the r«rmi 
Pitts bifKSiffi^  «n«r^i««« timilarly tlt« iitiife«r #f st«t«« t&t 
imeteoti oittsids tlt« noeiavMi i s i« 
of. 
/ le 




P* { € ) 47TSI (tM) ^* 
^ 6 V 2 
• • • 
( 3.13b ) 
iM th« d«iislty of th« t»rotu9it transitional s1r«t»8 and -H. 
im th« volunw In ^ i e h fr«« i>artiele pha«« apseo «tet«« 
«r« nore^lisod* 
Far th® mieloon states fi| « th« eecitp«ition 
ftm^^ of tHo ith grm^ ia a«f ino« aa n^ g^ - N^  • total 
mmt>«r of oeevfiiad atatoa i^lthte the ith group* Tti% 
Boltwaonn liico maator oquatlxmsthat deoerilMMi the ralwpmtlon 
proeaaa of tho protcMi Formi gaa in tho two-gas meKSol era 
given by t 
^ • \ S i -^i j «k n «j "k * ! ^ *^ **i ^^  
flt * p ^ 
X( 1- .PP 
- "f ^ ' ^ i j - ^ n «j «if «i ' «i "J ^  
Xd-nJ > ( i * « f )]. ( ^ ( e j ^ e ? . e?.f,P p 
J 
)-V 
* 5 —$^ ii «!k «5 <? ** 1 "H *** **i * 
X( 1 * «5 ^ • ^ 1 l E l <5 ^ '^ "i "i ^ 
gj . « 5 C 6 ^ - . ^ J ^ e J P P 
• »i ^'i^i' V 
(3,14 ) 
40 
at the Itfc stMMPf^ wip* 
p q^ m fiuRfe^ r «£ ievola in the ith md>-<ismr!« 
WJT-1^ m pMbehtllt^ par wilt tlia» that a wmlecm 
of typa X in e particular atate o£ the ith 
group aeattcra ith « imeiaQn of tys>a V in 
a !-»«rttetilar atate ©£ tha jth r^mi^  with 
partiela Y ^ in^ to the 1th group ana 
poctlcld X ta tl-^ e !eth gvmspm 
**?•-> i* * pn^^i^ity par wait tiraa that e rsroton in a 
rartlcular atat@ of th« it^ groun aaeapee to 
th« c^ ontinuura. 
m, m wmt!t»c o£ mmmrmd T»tHboRswith laboratory anargf 
'^ i • 
nji •» io tha r^mi^  oeeutnatloti nudbar* The ^-fixation 
gusrantoas-the «Hm0ac^ mtl"7n of anarfjy in thaea 
trtainaitione* Tha trai^ition torob.'sbilitiaa 
ara <^ «£inad @@ followa • 
^ 1 
^ij —»ia WPIMIWMM«aMil*UNMM«niN»MWIM«M»a^^ 
• • • • ( 3«t5 ) 
4 1 
micro D^ < e ) i« th« mlmmentary P » P a laat lc fteattariii^ 
cross-toetion avalttfit«a at «n «n«r^ £ af ter tii« aiiminatloii 
of Coulofife «ffacta; tipnroprlata ehan^csora mada for P^n 
tranaltlona* ana <r^p la takan «(|uaX. to cr^^ « The aumiation 
in tho aanoetiftator in afuatlon ( 3»iS } ia talean mily ovar 
thoaa atataa vAtitari ar«s aHowad in S> » P acattaring i^roeaaa 
within tha niiei«ita* eaia 
Mara cj- ^^^ ^ ^ i * ^ ^ ^ ^ invaraa croaa-aaction for 
tha abacNtption by cjbtiolatta oM a i^roton of anargy £ ^t and -T^  
ia the laboratory volwna* 
This modal is; a in^a in anproadh ana h&v9 tmnu: 
aaaumntions aa co(rf»arad to othar fnodela* DcMrawar* thia n»6al 
ia eomplicated by tha problam of following tha onargy bin 
i)ODulation$ in tima* Mbraov«r anoular infermaticm ia not 
I t i ^ aa i t ia in tha intranuelaftv-eaaeado RiotfaA. 
In 1966 Q siinple m&klal rivanriiinq a miantitativa 
tfeacrlption of the attainrn^nt of e t i i t ia t iea l aciuilibrium 
waa orofi^ oaaa by Gr i f f in / 31 « 33 / « In Or i f f in modal tha 
ati^aa of th« ayatwn ara claaaif iaa aoeording to tha mmtHar 
of aaccited particlcra wnA holaa thay contain* Tha a i^^ tara ia 
aaa%3iinaa to atiuil ibrrata through a aariaa of two body intar-» 
•etiona« which bric^a about tranaitiona batwaen thaaa 
atataa* 
1 RELA TIVE 
f LEVEL 
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*1 VIRTUAL *1 VIRTUAL 
Fig, 3 3 Pictorial representation of the Exciton Model 
4:c 
Ihm pi^ f^sli0ell eone^^t of tli« mieiton laodcl i s 
ili\Mitriit«id in fi4|ar« ( 3.3 )• A nuel^on i» «ha«m «nt«rlng 
«h« nueltMMT <9dt«ntial* All the r«rfBiofui are in their ^roiind 
•tattts* tt i s aaeixaied that jsreries o£ two body interactione 
oceur* The f irs t ioteraeti<m %R&uia« ther«e(»re« lead to ft 
aplh ( two psrtieles end t hole ) stete^ena «fi/«)enfi^tir«tian 
i s equaliy likely* 3!hia eotsia be foll«*ied by a transition 
betKMMm one of the two enoited particles and a particle in 
the crronBK^  atate^or vith the other eweited particle • Ihis 
ooal<! lee<^ either to e UpTh state* back 1^ the original 
eonf itgfiration^ or to ?; aifferant 2plh state. 1!he probability 
of each ooeurf>nce i s assumed to be prorortiotial to the 
aensity of the apfproachable final states* Since the init ial 
sisnle eonfiguristionii ere far fewer than the equilibrium 
nertiele»hele mmhrntm^ the lev«l densities are rapidly 
iner^asinqf functions of increasing pmh mmlMMr* and the 
system then f|r>es i»(re»A3iitin^ntly in the directicm of e ^ i l i * 
briuRi as i s imficeted in this figure ( 3*3 ) by the larger 
arroim in that «lireetion« 
For » given ccmfi^uraticm* specified by the 
particle-hole wintMir , some fre^ nrtion %rill heve atjleast one 
perticle with ener<?y in esecess of i t s binding en«rgy« ihe 
fraction of particles in a given masittm nwAyme state* whjfeh 
are at «« given energy ( £ 4- B ) above the Fermi en«tgy* where 
6 i s the ch«rtnel energy of the perticle and B i s the 
particle binding? energy* can be ewnputed end frcKn this fraction 
relative ncobebility of emission of a perticle* having sig«h 
R kinetic cfiodrgy c^an be calctileted. Tho total Bp&etxvm emitted 
prior to erfuilibration can be eslct^lated by suinming ov«r the 
eontributicm from erch state* It i s o3^ious that the simplest 
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hi-lliier kiwiti^ «.3iiGjp;,y -J^ tim aveia CJ asaclt. ii.vn : ^^ r i-^rt-IcJAj 
l^io nuin acmsrr^tl. '^ri in -the osseAtoa oeuctl io '^*:.t 
evory c: n£itprati^*n o£ a'icts in ©K^fiiat© afc'c;- will cx:e~.r 
rt>2a i a wtcitcm roaci , .tm i l r s t SMR.>er a* ^ ..jcD«..sc;i t© tliia 
Q ctepsaer^-tc . egni ?>a3 orsu a l l JLevois ax.-© o ualiy a^ xic^ v^  
L io u.a QC3cit.-ti.Dn dsoffs^ v t:lio« a nators^l ura t --or '-x 
ci*Gir^ f ic 'dvcm '>•/ 3*3 / •• 
' p » " » - -..•.. «.•..»« ••-•- »,»,,,«« C3,nj 
t:-43# ...rJXfin / 32 / :resi:ia:tod a '••KX.'JOI* lo r u.^ch cfiiy 
4 1 
trnnm i t ions with Aits 4> 1 «r« cson»id«r«d and A aw 0««»2 
tr«n»x«pxcna adr« noglCNCted* Xn this woA^X i t i s else anouniad 
th«t the fraction of n»«9ieitoii ttat^a in nhidh one particle 
U at aoRia eruue^ ( ^ 4S ) idbove the Fatiai energy i^ given 
^ the ratio t» 
/°» < " • ^ ' P P . h < "• ^ > 
• * • 
( 3.1a ) 
/°n ' » > f P. h « « ' 
im«re V ia the ex^  itation energy o£ the r«a idual nucleoa* <c 
ia the channel energy of the ^article eiaission* thua the 
prcft>ability of deo««y £r&m mx a ^ttxeiton tftate i^ given by 
/ J 3 , 35 / I-
p„ ( e ) a£ » { 2^ ^ I ) r (^ B < y» ^ >/p I. ^^ > X 
2 
^ i l 4 7 r P ^ cry ^^ . ,(3.19) 
h^ . JI^ 
vhere T:^ ia ldt# tmmi l i f e time o£ the n ciiciton atate^il 
is the liiaae ar»«ct! «««» (j- ^ ia penetrability £e«rtor« If -* 
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HiT* *^* iBlemimtmnt proportional to tho frictlofj of 
oonviouna d«e«^« * ^^* eim bo «fv»liii!t«d^ofi s rolntHrw 
b«sis^bir tho Qol6mn m l o of Fgrini / 31 / «s t* 
-1$ 
Horo 'M* ifl th« «v»r«go matrix oloraont for tho ifitoroction 
botwowf) tho ini t ia l ana final atatas imfi- i s takauto too 
indopondont of the aiteiton nunSaora of thaaa atataa^ *p^, (£) 
U tha aanait7 of tha ^ceeaaibl-. final atata$a»a '^^^ „. • 
i s th« tranaition rata trtm «j9iv«n ini t ia l n maelton atata to 
any of tha aceaaaihla n* oaciton final atataa* tharo 
hdivm boon aiffarant typaa of tranaittona from Splh atata but 
a i l tranaitlona era mit poseibla in oalculeting ft aa shown 
in fi^« ( 3*S ) 
fSnm to the fact that the tvo boMS^  int«ur«*«tiofi 
matrix M fji mjt w#ll y^namif the aswcit^ n^ iiioaol can giiwi 
tsaly tha ralativa anoctral yiatiSa* t^illiana / 3S/ h a^ 
givan forsflnlaa for th# avarago nurOMT of aoewiaibla atatM 
for aaeh tyr»a of tranaitlon aa followa i* 
( i H h4 1 ) 
> - • JUL . [ H / . f [ p. >»• ( |M*W2)1 
> . 
- ,a 3<p4ii}«a 
4 
• • * • I 3«Sc2 ) 
4il 
vrhmtm > • # ?> • ana ?* 0 «r« ralatlvtt ritt«« for 
transition* in %>tiic;h tli« «eeitan nw^bmtf ch«n-"'«« by 4-2« ^S 
an^ 0, Xh«> «rasiton ma^l provldae vithin a singl* iiioid*! 
A a«»crlpti<»n of t^« roaetl^ em begtoninfi vitli the turgirt-
proj«etiJL« ifit«ra€tio&« |Mroe«ediiig tltrouQ^ tlMi att«iii(n«nt 
of «<|oilibriunif ana th«n imlXmAng^dmc^y af tl>« •ciiiilllsrlwn 
eoRlKrand nittel«ia«« th« w^aal duo to or iff In «voia« th« 
urobiffii of foiiowdn^ tli« bin rxipitletion by stOMititttting 
a«n«ity of Stat** «haraetMri2«4W «Meitan cmtil9«r» 
C 3,2 d ) 
Ift'^lffi^fl ^^ isKteli 
In hath th« Hm smd th« «»a:iton laoaeisonly th* 
r«X«tiv«» spoetTBi shm^saiiit refaction yioldfl can be o8leulet«d« 
To fiieiiit^«'.9 the Sixwet ca(!|>ari»ofi of the laeeeiired oroee-
eec!tion^ miother txpptordh to the e^eitcHs model hae h<^ <m 
miogested in irhieh the evHreQe intertnediete etete l i f e 
time hee been repliMsed by an exnreea i^on involving the 
treneiti^-^n time o£ individual eMcited n«»leon end thie 
quantity he« been in t<uam deleted to niMSleoni^ niacieeNn 
aeattering dnte / 37 / , this spps&meAi eofl&»in»» the uee of 
ifiten«ediate state dn^iti^e a« in the egNeiton model t« 
4?ive a •lflie>le eloeed form result* The trasieition timet 
baeed on n«eleon«>micle«») •eettering dete ere ttfted to pennit 
calct!l«itit^ of alMioltite anMi»»eecftJb3in e^e in the- K«rp»MiiXor« 
Q«me me»del* ff^ model ie eaXled th« 'ffyl»rid model' / 36 / • 
In the i hybrid model the inti«i»»eleftr transit Km 
raftwi for the interniediate etetee are calculated from ^ie 
iiueleon»nueleQn eeattering croee*seetlons* The avera<ie 
rate of traneitiosie for the n - eaeeiton encited state vamy 
be represes^tcd as / 38 / i«» 
47 
Tsft < « > • !•« K 10 ' * S • « m to*® S W ^ • • • C S,23 ) 
\nwtm *s' i« «ii« e^iapiim st«t« omsitation •nsrgf* AS in 
hi#i «m«r9ir ee8e««« oaleuliitiofw* i t is e«8wiad that a 
rmaetigm peoeim&B «ttf«u^ e MTIAO of f>afft&ei«iif»ertiele or 
fv^rtiel»»1iole int«reetiomi« in vtiicSi tha t<3%Al pi»^icie 
hol« mptMr ^uir«et«risiii9 th«^8tcit« ia«y •ith«r ineros— 
to? t«R»« 6matmimm by tifo# or roniiin un^ cAtangea as a roeutt 
ol^  o?>cti int.flr%c%ion» K is MMMnsod t^ cil> tdK® fuM^ nsiiiu&cms 
in ^ l e h tiho flemsi^ton nurtMHr incrotisoo bjf tARo lilcwiinislMiK' in 
tli« ocorlv 8t«<*t« of tho oi9!ttiiibnitioR proeoss* tiiSeo (ariffin 
laoAol / $1 / i t i« farther QwmmsS th«e the intonnoaiato 
•tatos aro chemcteriBoa toy «?5f:rof!sri«te iov«l aoosity 
€fanma.&ei0 «nd that a l l l«v<olii noy be ao^iiated vith m^iml 
a Drioriwf!ffONibiiity etibjaet to the linitetions ^ onerOT' 
eonservation mUi i^t^li fimelticioR principle* ^s in the 
treatnont o€ the egceiton moaol# in Itsfturia ino^l also the 
to t r l f»i»rtiele tm$0»ifm Twobal^ility^ in e given e i^eimel 
enerw rtan^^F^ ( 6 ) #.€ « in giir«n as a sum over the 
eontributionf) of the inteemodiate states* The evm is tafesn 
froa sopie in i t i a l mwiS'^ er of SKeitons fu to the ecfUilihriuiR 
n«Ki)er I * then aee^v probability is i 
P, ( e ) «€ - Z ^ -^'-L^n < " . £ ' / 
w i . r>e<*'^'^.<^' ^. «^»] • [ 
'J •[ n 
n le^ 
^ ^.i^* M • I  ^^ V^2>-
n . f ^ 
4S 
Xn this (mtation tli« f i rs t hr&dk«^ i& Urn traetton of tlie 
n MKiton state nof^oi^tioii t^icd) has Ofie i^r t ic ie in e 
virtue! l«wil; «*ii€ih wmld hav» mi«rfy betSMwrn 6" afi6 f * «<^  
in the eofttimiHnw nm ••eona hr8etc«t is th« «i^)r«eaion fisr 
th* r«tio of emmieif ra t* into th* eofitimioei to tdbl ^imceif 
imtflNi 
IW rat«« > ^ ( £ > or« ealctiiate^ as •• 
m* • • ( %t% ) 
Ifift tcKia in the i^ir^ hemcket of ««ftaatioin ( 3«24 ) ie th« 
d«i»l«tiem factor* whidh r«MaieNMi tho poi»2l@ti«M» of eadh etetc 
•ecoraiiK^ to th« amotmt of rmrtlcio aodesioii from t l ^ 
•ari ior sii<iplo st«t«i« tflth thi« attfinition P^$ ii^ivots 
by • 
<^«ro P • i8 s«ro for the f i re t tenn lii the sumsotion of fi 
equstioT! ( 3*24 )• '&im level dbir«iti«e %a»^ in the etKpreaeion 
hae been nivmi toy Wiiaicaas / 34 / as i* 
^p , h * ^ ^ . 9 ( ^ . ^ ) « • * / ( p i h,' C n»i) •• ) 
• • • • • • < 3.27 ) 
v^ere d - « f Cf»#h> i s e eorreetion tertry for the ifttili* 
orincioie* 
r.) 
iXm Hyteri^  w>del he* hmtk further mt^mndmH /3d*40/ 
to ineii»9« thm aft4iet« of mieiotr a^ KMiitsr <91»tribittion In 
th« pr»»«quillbrlu9i croission* ^ i « h«i bMm dono by dcviAc^ifig 
a geometric 4«f>«(id««%c« of th* impmt piriMRMitar of th« 
ineiaent partial WKVOS* 1 ^ h^fiyfiA laod l^ h«« b«i«ii r^orff«a«t«« 
ae ffi si»ii of eontriyfemtione ov«r inii^ aet psrnaitttr i* 
1 « 0 
'^ h^MTo *Tl* aro tli« optical laodol tranffiaiaaion eo«eficiofit5 :or 
tho projeetiltt me *P^* ie th« T3ro»o^illlirii»it pcobAbility^ 
ealeoli^od as « fimetlon of mielear ^Nmaity* niielear danaity 
ia givmti by Parwl aiatribution / 41 / aa • • 
« 0?) • t ( «Kp < fUC)/ ZH J * • , , . . . (3 ,29) 
''haro ^in) ia tlio aanaity at wtAkm » with 1 oa tlia 
ei^itc«l tmeloar €onaity« C m 1*07 A*^ ^ fniycniA Z«0«S5 fnw 
Hie nueloar aasiaity can influanea the t)ro»«r!uilibrit»il 
ebm&y a?ie«trum in tm> vmys i (t) An ineraaao in tlia vmexi 
fr«a path for naelooM-mielaon oolliaCion* inerosiaiiiQ i^hm 
|)artiel« amitaioa ^oto«il»ility« ( t ) R^i« Tesmi onargy «rill 
h# lo«»ttr if} that ragion« so that th« hola tfapth i0 limitad. 
Vh0 transition rj>%taa and tha Fcdmi onoTfiy have been tnodifiad 
in e«>eh region 
a/3 
1, < R ) • g^ P ^ ^ ^ ^ ^ ^ fiev . . • < 3.30 ) 
50 
t-%«r« •K| i® th© fmmi energy a t ©antral d«niiitir «fi« 
1^ « 6^ ) > r«pr«e«fit« th« jwwpr»g« 4mmitf for tl«i IP^I««!% 
i9«r®i^«r, 'Shm single pmrtiel^ l«vel density io @1»© td!t«rs 
ttO !«• 
M«r# 1^  in ttrn fm^m ftts;tN»r of th® «MSit«d wmslmm^^g ( ^ )* 
Is f «rmi «fi«rg!f <it E« ]^ s cralctsiatissia* a^Riiinatioftal. rcoliaw 
b i l i t i c ^ br^ ¥@ be«f) «i8«a« eofiti4fSNirlii§ tlie f i n i t e t ^ t l dopth 
f<jr a«e«y ^ til© f i r s t «sielt©a st«t®, ^ 1 « ^ Is tJ«. tmet 
importMit nmrt of tli© a pli©«tl«3ii# %ritli g • ^ • <§L,tli«»« 
vmlvm9 ar« ealcii&f!t«6 as giiren by ir&eson's 
int«»n04iat« iH^et« a«ii9ity «9^ r^«8@iofUi / ^ ^ / • -
igii^siifesaftiiiifcittiiiisiiiiift 
51 
i>hf»ic« •^«^mWUQ^ ^ So3?ni,i%w torts 
/ 4 / n. Bohr f fs«tBr« j y a i t^m > M4# 
/ 6 / H,/^. @etlief >'^ «v, fi®a« ftiYSi. % (Its?) 6% 
/ e / t i . ^ # i t »«a E»F» wi«|ii«rf pf!y»»8«»» «yt <J^>«) s i t . 
/ f / i^ 'U KaiMMwr «na ll# F««ltibe«jlif »ti3f««^ e(V» jgf^  (1^2) 3i§» 
J2|t^ t9S4)44S« 
¥»S««|)celct iit iel. F f t i ^ ^ ^ 1 ^ ( %m% HS« 
AI44 {19TB)tt7. 
/ t $ / Hi^ teo ritaiKuwiif Ji«cl»i%r»« 'fi*^^ ( I f *^) S lJ . 
/ I V H. SurbMri at|«» H«vt t | « tIMt ) t t t 4 . 
/ t t / !»«rfiiir<llai# Boot.h »iiff l.tfid««tib®ta» t » i f » , i^«v#jg^Ctf52Jl0t7. 
/ 8 e / i»%wrrl«<», Miifh®!?^ utii Eoa««r» P»iil»Wii^.^ (I^3H326« 
/ S i / M«pi»ms0# Bhmtp ana OtHffinmt P!ty«« I4«v« 3[2 ^i^S*) •^^ ^^ 
/ t S / a*v^ r%#ao*mf i%|w, R««r* J ^ <SfS5) t44# 
/ 3 I 3 / J # 05*Wfo«f m3^:^€im>m 2 ^ * ^ ^ ^ S l i t * 
$ i*f i i«: «v» J t ^ (t isfi) 204. 
/as/ H,i^ . awrtifsif Phy». R«(v« jyj^ ( t963 ) imu 
[]2 
/n/ K. Ch«a, G« Fr«iAl«n4ar ana J*M, Miilorr ^^ trfft« R«nr« 
/ 8 8 / K. CNsn •* e l , f Phy«« Rifir, £ j l (1971) 223», 
/ t 9 / o,D« liwm, J.M. MUi«r and 8,J. Bamei Phy«,R«ir» 
i § ^ (1968) 1166. 
/»©/ 0,D. Jl«rf> ssna J««, milm t Pi»y»«R«V» £1 <19tl)1847. 
/%!/ ^.*I. ai:lf«tnf i%^.R«w.li«tt» JQ, < 19^6 ) 478» 
/ 3 2 / f . J . carlfflRj rfiy».L«ikt. j ^ (1967 ) 5. 
/ 3 3 / ?»i. Blemi} Phyt, Rw, l-«tt« Jii ( 19«8 ) IS57. 
/ 3 4 / F.C, WililarasJr,| Wucl Phy«« MS?* ^i*'* >23U 
/3S/ B|^  BXann ana F.w. Laii»«f«an«i miel«?hy«« MH^^^''^^'^^* 
/ 3 6 / F.C, wi i i i i iw,Jr« I Phy««l<«tt. JU^ (1970) 184« 
/ 3 7 / M. Biwm r ^'ivfBm ^mt* hmtu JUl ( 1971 ) 337. 
r «rra%«a Jt2«< 1971 >1SS0. 
/ $ e / '^ ^ Bitmn an^ l^ * Hignarcyy t^ ual*S>bir«* t3M. (1973) M5« 
/ 3 9 / n^ Blaimt l%ya*Rw. ^ l t t • Jft (1972) 7S7. 
/ 4 0 / «• 8l«r»nf macl*l%s^. ^^^| ( 1973 ) 570« 
/ 4 1 / R. HofvtSMStTerr ^n«» !••»• Iluel, Sei* 2 ^19S7) 295. 
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Fig.4-1 The different ways of populating final states 
(E|! |A7p for a reaction T(x^,x^ X2r)F -
r):i 
99^f^Tn^ f,9ff, i 
mny eomfnkmp eodtm for th« «<leisleti€m of cNieitatioit 
fimetlon for noeloon ina«ie«a roaetlons have •o far too«n 4ov»lopoa 
/ ! * • / • >4Mt of thonit howwvwr* hiivo not talton into oeooynt 
th« oa«io«ffv»tion of iMurlty* aii9iil«r iwowntw oad tho pro^eorapount 
•nios&on of pertielo* A emuipiistwt eoAa *ACT * hot boon dovolopod 
on tho iinosof tho ooao BThmM lof Uhl / 7 / • for tho ealoulation 
of onomy ovorofoa aroeo»«oetions for noeloon tn<9aeoa rof^etiono 
• t iM>aor«to oiieitotion onorgy* Zn this eedo vqpto four toQiion* 
t i o l l y omittod pfortielon hnvo boon conoidorod* Tho codo «tl«o 
t9ikm» into account r*r«y omissioru tho mflribor e£ )r«royo h«iPo 
boon iioitod only by tho uoo of en onor^ grid for tho eaieulo* 
tiono« Zn this eoda tho proMseaipaiind omiosion from tho f irst 
•top of do»ONeitotion« usino ' Hytarid modol * fromenork* has 
boon ineludod* l^£tor tho f irst stop of do«»OKCitatl^ n tho 
esceitation onorriy of tho s t i l l oeRcitod rosi^uol nuclous i s 
eonsiderobly ioi^orodt and hence tho prob^ii i ty of {iro«ccMiiround 
omission i s nogligibio* Tho consorvatiiMa of parity and an<3uiar 
sKMnontuR havo boon ojcpiioitiy taken into ae«30«HSt« Tho cos^pittor 
programmo is miito vorsatiia and i s oapabio of calculating tho 
activation cross'Ooctions* isonioric erwis-sections and cross-
sections for tho productiem of r«>rays from tho lowly ogecitod 
levels* 
Tho different ways of populating a partieul.ar state of 
a final nucleus i s shmm in figure ( 4*1 ) • Zneidont particle 
1^ RMlcos a coiaposite system with tho tar««t T ( lii^ « l^, n g )«whsro 
1^ , ]|^ « and rr Q ore roopoctivoly the ground state energy* 
angular motRontuoi and parity of ^)o target nucl€4as* The residual 



































































' ) • ] 
n^ 0 m^ f K3, «•••••«•* ma ^Tm^mfm, figimm < 4.2 ) 9dhm»tU 
eai ly UItts%r«t<w thm ft«efit«nee of «aleiileti<m8« 9im ith 
eompmsiia niKiive* 1» a«fin«<l a® tti« fniel«iUB tli-^t rMisits fffvm 
th« «iiil«0ieffi of ( U 1 ) of M vpocif lod ••qttonee of omittod 
portieliM ( sij « giji » Kj * •••*•«•• X| K ^ « priwucY 
popeaaf i^on o£ stutoo wi«^ an ONeitatlon ofHrgy in en intarval 
AE, with an^uiar nomantisii t and T»iurity TT ia ^B^ ( t« Z« ft )"^£^ 
i^osra th« aubaerifit 4aiio>t«a tha maeiMr of tha eompooad 
noelaoa. Svibaaquant r<»riiy eaoeaaaa batwaan tha atatao of tha 
ith c«mmiemn6 mmlmt* ifoad to tha iieimlation M»^  ( t , X» TT ) 
A t . 
fha major part of tha eaieuiationa i s baaacL on tha 
atatiaticiil nodal, for oartiela* amittad in tha firat stop of 
tha avaporatlon eaaoada a " praMMiuilihrium daeay " eontrl» 
bittion of tha eroas-aaetion ia ineiudad. Itia fraetion of tha 
population of tha oomr^oaita a^otam t ^ t i s laft ovar aftar tha 
pra-eompouiu* aiviaaioo ia aooumad to ondarvo atatiatleal ^aeay 
ana for that Haoaar « Faohba^ fonmaa hao bean uaad. Zf only 
tha prawcoiaiaiownd < ^ R ) and eompowid nfoelaiia ( C N ) ina^aniani 
ara aaounad to ba praaantt the total eroaa-aaetion for tha 
raaetion T ( s^ « x^ ^ ) F ean ba iirittan in tha form i* 
<r ( x^, x^ I E ) iii<r^  < >^. Xil 2 ) • C^N ^ ^^ ^*Cfl 
( ]^« Xj. f B ) . . . . ( 4 . 1 ) 
t^ara (^pf^ < 1^ « x^ t B } rapraaanta tha pr^ Haowpound eroaa-
aaetion and A^ ( B I (T'CH < H^ • X|^  9 B ) tha mmptmaiA nuelana 
( avaporation ) comnonant of tha eroaa-aaetion ( 4^1 > 1 E ia 
tha aneitation anar^ of tha eoii|»o8ita ayaten • (5'*<^  < 9^ # Xj, # B ) 
ean ba obtaina<^ aasuming that ttm idiola incNamixtg fIvoe fornv A 
compound isuelaua with tha eroaa-aaetion (T^ < SL. # 8. ) . 
•^CM < «o • « i » « ) - <:r,j < n^ . B^  ) ^ . . . i 4.2 ) 
Whara /Xj^  andZf? «ra raepactivaly tha iaeay wi^^jcorraaponaing 
to p«rtlel« mmiSBian and th« totid diieay viath* 
Xn thtt pr«i«iie« o£ prm^ooapaanS r«oetion OMK^ etUMi* 
tii« eom|)o<aii6*iiuel«u« formation cvoas-s«cti<m CTi, ^ )^ ' |^[ ) 
i», Ii0w«v«r« r^dacvd fvon Cj^  ( n^ » Sj^  ) lyy th« amoimt of tha 
tet?>l iioivMMmixnind eroaa-aaetioi) cr^^^^ ^ ^  * \ ^* ^' ^ * 
ooaiMititlon b«tir««n pra-eompound and eoa^otiiidl nuclaftia procaaaes 
la conaidarad only# (T^ < i^ • S|^  ) ^»» tha form i-
Mhara 
RCN <B) - 1 - *i ^ m < «b * * i ^ « > (4.4 } 
Ama from ttiiis* < 4«1 )« (4*2 )» (4«S ) aad ( 4.4 ) ona geta i 
^( x^f x^ f « > PH. < «0' « i t « ) + 
£ -. 
1 • 
PR ^ *^ * *i ^ ' ^ 
X CTg ( HQ , t^ ) 
i ) 
fix 
^ •• . . ( 4«S ) 
Xn tha i>r«Hi«nit coda tha activation crora-aeetlon* 
population of iaomeric atatas and raietad raauita for tha ith 
compotmd nuciaua can bo ob'^ ainad tt<m tha quantity Wj^^ , A E , 
furthwr datalls of tha celculatlona ara givan balow t« 
Ha»iaar-Fa»hbadh < H f > forrtmle haa bean eniployad 
to CAleulata tha populjRtlon of atat«» < S% I*, IT* ) raaultizm 
frwi tha firat acjiiilibrium ai^ mporation st i^. For particla 
rr f» f){ 
• • • •« • • • • ? 4»o ) 
end for fcli© mmlmmUm of ^ - r e y s lttM»iE9>Jr«it*jiM!^  forwiln i» 
G 
g ft • •n«rgy of tl^* irel«tiv« miti^m ) «ntrarss!« 
) 1Q • orbi ta l enguiar w&immikvm o« r«].«tiv« > «h««s^^i 
T. 
' ^ i © ^ ^ ) * tr«nsnilan!tio« «»-«£fici«jit I 
ir/ 
9^ . • t . t l . t l e i i l factiir 
s m «xeit«timi mmgf of th« eompoinKS iiiiel«it» 
1. • oifbital. aafpulftr memmti^vm of r«iiitiif* 
0^ m dUIIIIlOll SPIJI 
« 
* iiiiel.«ii»i 
/ ^ ^ ^ a' (^0« ^ | ) «i Width fiuetttfttion oorrvetioii faetor 
for 
P«rtiel« 




• tritfiamia«i«m eo-MKff leiunt* 





Xt mmy bo notoa thmt tho oianwitimis io o«|ito* ( 4«# ) 
and it*7 ) a \ r ^ t t r i c toa by angolar mommtwn mna purity eon* 
•«nr»ti<m Imm. iti« nmmtm^mhhmt^ dcMomin«tor ^ ( E« Z« n } 
i« th« mm of l^« tTAfii^tlAoiim oOiMiffIci«fst9 for tttX opoii 
eh«ni}«ia conoistont with «ii9ul«r memmxt'vm una pari ty •oloetion 
roimi Btvi i s given by •* 
°*=r r l ^ T ' '^t * *^ir 
o 
- ^r. # X*# /7 * ) • ^ I ^ "L ^ _, 
(^v) /"i- < « - <^^ # 1% n • ) . . . . . . ( 4.0) 
.')8 
ll«r« *8_* is the ••TMwratlcm mmtgf of tb« p«rt ie la * r *• in 
th« nr«Ki«nt version of th« pro^amme vroto fotir part ic io* 
( n# p» c< and a ) can eoiitrltoiite to tha Haiui«r«JP«8hba€^ 
daneminator* Width f l u e ^ t i o a eorraction haa baan appliad 
to t«*a into accowit tha probabil ity aiatrlbwtion of tha 
part ie la i»idth« This corracticm faetor baa baan eal<naiata<!l 
aeeorSiwi to the followln^^ formila given toy Holdauar / 9 / i -
dt 
ojto'i>o,X1ll^^1 u ••••••••••••MaflhiMnMWMiaaaiiiiM 
«e ^o'o 
, It < B, X, n ) 
s -^  
t t T^ , < ^ 1 ) 
1 
X 
I t I L , .« < ^ " ) 
••••Ma«iMMariMaaAaM*HMirawinHaMiaa«ra^ 
'r" !• a" ** * ^'^'^^ " h 
<^ «0 ^ 0 •© ' «t ^ •! 
iP|f« !• «« 
• •(4«9} 
tha axDTaaaIon '"'"'' ' r^praaantstha ratio of tha 
total radiation vidth t^ tha airera^ a^ otal docay width and is 
<3i'WMJ b y !«• 
f? 
•iMJLiJsaMBAHUHaaMfc =^:n 
• • • • • • ' 4*10 
r)[} 
ihm •€fcet of th« r«ray etme^tm starting froK 
t)i« wttitm { E0 1, n } of « gin^n coRipowi^  nmilmm vlth «n 
init ia l poi»^«tiafi W0*®' ( E« Z, H ) ^ 1 h«« b««i5 tr««t«a 
in tho folloirin^ way •• 
Th« popolation of l«fv«l» ( !•# X*# H * ) roached 
toy tha amiaalon of r«*iMys from lavela ( B« Z# /7 ) aai^ >«n^ 
en th«> branehincr ratio of tha partial daeay width /^( 1 , 
I, n f «!% I», f7* ) to «»a total aaciiy width PC K# I* 
n ) . Wsia branchIncj ratio i» givwi aa 1 
xi# 
mm uoj^ation WB ^^ < E% I», n •) -^s'o£ iavaia ( 1% X% n') 
l^ f a aia^aaaiiw 9afmi>! tranaitiona can ba ol»t«inaa by tha 
followinqr raewaion ralatlon t 
in / as m^ "•" (E,I, n ) x 
< I* I, n ) 
>< /^ ( ES 1% n«>AS» . . . { 4.12) 
**««•• i^3j i» tha iii8Ki«B« anargy wpto whlc^ tha givan conqpound 
ntxelaua haa h©afi nopwlatad. than tha eoimaativa population 
W i E\ I*, n » ) ^ « * rMiatinfi from a l l )f-*ay poaaibia 
eaacadaa can ba givan by i**^ 
Hf- ( E\ 1% r? •) AE* m 7 ^ Wl^ **^  ( m\ I», n') A 1 « , . ( 4 . 1 3 ) 
n «0 
in) 
ttm» finally iwiiu? mm»» < 4»12 ) emA < 4«19 } on« g«tfi i* 
+ y<^«ji eE ^ ( E, I, n ) X 
^ P H E% 1% n« ) AE« . , , ( 4.14) 
Thtt «nii»«ion o£ th^ ith p6xtl«le £ti«Ri th* ith 
emipo^mA rmclime with nopttlatlem "W^ ^ ( 8, I, n ) A s l e a ^ 
to e ixtfyulation ^B^ ^ | < 8*# ^'# H' ) A E» of th*( i 4 1 )th 
enffiipound mieloiis • 
e 
WB u ^ - < B% 1% n • ) AB« • z _ \ « t tIB. ( B, 2, n) jt i • I j n j * 
i^ 
/ x . (E, I , n$ « • , 1% n • ) 
;< /^^ ( E% X% n« ) A B« 
i 
I—1 • • • • \ 4»15 # 
/ *i Th« brsnelting ratio for tlio tmission of p«rtiel« x^ 
f^ ( B, I, n f B% 2», n* ) J 
( Y ( H, I , n ) N^ ( B, I, /7 > 
*i "i *i *i *i 
• • • • ( 4«t(S ) 
^^ J^pB tho e«lei3l«tiofi8 with KnissocwFoshbedh formula 
mieloiir^ a«ns i t imi /^  < E, X, f7 > m rm^vdrmA. At low 
f;j 
•xeitatlon MTMrgr, %»h«r« th« «Rp«Krifaent«i infonaatlon on th* 
f^iiARtwi nwnbora t^ Z^  wmS f?« of the ai»er«to l«nr«l0 i s 
eotif»l«to« tho Imml d«r»ilty £«Mnnisl.« i s 9iv<m as t* 
At f i l l e r •xcitatlem energy , where t^ ^^  nuRft>er of levels 
|ier NaV ere retlier i<»rge« P ( E« X« n ) tins to Ise eelcvlnted 
bjr menne of 8 euiteble model* Xn l^ie present code It le 
eelciileted with^ln th® frem© %K>nc of the * badto^iltifted • 
Fermi gee model / 10 A Ihe 1«<NI1 dhmsitv i s aseumea to be 
iiide!»endeiit of iserity* For the en«r«ify end eoin dep^idence of 
the level denaity the eicpreasicma by Lang / 11 / have been 
uaed t* 
P{ E, 1, n) • y:^  (°( 1 , 1 ) 
/ ; ; 8 { a ( 8 ^ A ^ > ^ H ' / a ® aff)j ] 
12 Jl®tfl ' [ B . A . ^ J * H /^jg)^ ^ • 
W ( E« M ) 
.3/a ^^  1 ^ /» 
at' . V,i t • .^LlfL a 
•• •) ( 4.ie } 
The paremetera for the model are the level denaity parameter 
• a *^ the effective mowient of inertia • <^^£ * and f ietive 
gro\ma atate poaltion • A % Iheee parametera have been tak«) 
from the ^mtk of Dilg et al* / 12 /. 
The equilibration oi the eoR^>oaite aystem formed by 
profeetile * ^ g' and target * T * haa been treated in the frame 
liorlt of tli« * Hybrid mod*! * / 13 / • FVOM a sifnpltt 
i a l t ia l Gcmf i^mratlon t3hm eoii«)0«it« systwi i« •••uiMid to 
• (^ l lbrate tlirou^ a »«ri«« of twe^lwdy int«r«etioiui» Duris)^ 
^ i « |>arti«l«« «r« «(nitt«<! from al l intwnMKSlata at«t«8» th« 
AntarwMidiwta atataa of ^hm •feUm «r« cl«8«ifi«d ttcoaediag 
to tho misftMtfr * n * of aoicitoiis or moro spoeif Icelly to tho 
Tke. 
vsmimeB * p* and * ti * of>;«eeit«d partlolo ana hola dograae 
of froodbm < i i « i p 4 l i ) « , Me diatinetion ia toada b«tv««n 
nautrona and protoma* ^Shm «r)pileation cMf a tMO b^ody lntar>» 
aetion to atatita of a ( p « l i ) * tsemiigvetmtitm ImOm to 
atataa vith < p 4 t t l i 4 - l ) # ( p « t i ) o r ( p « t « h « l ) 
aaeeitad partielaa and holaa* Xa eoniiatitlem with thaaa intarnal 
tranaitiofia, partlolaa eati ba anittad from aact) atata* for all 
ttiaaa proeaaaaa tranaition rataa avara^ad ovar a l l atataa of « 
«»nf i^(iir«tioi} ara aniployad « 
Xfb ^^  ( n } « r l i ^ ^ ' ( p t ) > ) t » a t h a population 
prolMibility Ksii tha atataa of a ( Pt H )>eonf igoration raanlting 
from ' It * intarnal tranaitiona« tlian tha eorraaponding 
fgnantity ^ < k • 1 > 
( A ) ior ( k 4> i ) intarnal tranaitiona 
ean ba mrittan aa / 7 / t 
7v< n <*• i ) 
Wli^^c 
in) Q • b* * ^ < ii.a ) ^ » 
>**» » > C n-3) 
X ( n ) . X ^ < » ) • >Q < a > • >.^ ( B ) • >• ( n ) 
•• •• •• ( 4« 19 ) 
In thia atiaation { 4»lt ) >s^ <n) , > ^ (») and >.^  (a) ara tha 
iVA 
ttir«r«g« r«t«s for iRt«mftl transitioriB vith a i^aage o£ 
tl)« «Neit<m tmraber by an staoont cMC 4 2^ 0 and • 2 r«ip(tctlv«ly» 
and > . ^ ( B | ^ r ) d ^ ^ i s th* awrag* rata for ammiaaioii 
of f»artiela * r * with aiMr^y of rolativa notioii < f^ • C^tni 
qttiHitity ^ ( a )« tharoforo* rattraaanta tha total rata for 
aoKMiaioii of f>artielaa« iNtoeaaaiva ap|>XieetioR of actuation 
( 4*19 ) givas tha popuXtitiUsna o£ tha varioua ( p# h )>eenfi» 
goriitiona with an arbitrary ntatit^ er ' k * of iittarnal 
trnnaitloiia* On ineraaaing * 1c * tha ratio |^(k*i) i^x 
b ^ ' { a ) 
baeoaias iatfapan^aiit of *ti' and *1e*« Thus an us»par iimit'K* 
for tha aantHKr of internal tranaitiona to ba conaidarad for 
pra»aoiiilibriim daeay iM obtainad from tha following conditions* 
y^tk^t) ^ / (,5) ^ Q ^^ < O.Ol o^> for al l n 
** *"' end fc ;> K 
Q ^ > . ( ^ b < ^ » > in))/ ^^^m ^„, , 
• • • • • • ( 4*20 ) 
tha |ira<»acfttilibrii»i eontribtttion *P "l, d £ j 
to tha diffwantial eroaa'aaetion ia 9ivan by t« 
as 
1 
d ^ j . . . ( 4.11) 
X a ) 
--.-._~ ^ ^^  w--,— ^ _—— —^ —J,—loal woA,.i~. ——v,^ ^^ — 
aaetiOR for tha projecrtila * i^* • Iho fractiem if^* of t ^ 
Whara o* f"'^ rai>raaafita tha optical inodal abaort^tion eroaa-
(M 
in i t ia l p^rmlfitieni sunpiviiig pr€N>«<|ailibriun flsdleslon ie 
ftliraHn toy i * 
tlHi awMTiKswi r»t4Mi 7^  < n ) # >-Q to) *>** ^ • ^ ** ) **• 
rulalMMS to th« f»b«olute t i^uara of tli« «v«r«9« «f£«etiv» 
imtrix •l«Ri«nt l ^ of r««idtial iittoraetions by th« 
foniiil«8 fti Iflllienfl / 14 / • eorroetea for th« P«uli» 
l»rlfkelpl« by Clin* / i t / t* 
>^oto> S X© ( P# h. 1 ) . ' ^ | l i ^ 9 <9Mp^n> (|Mli«t) 
\ (ii) s X ( p, h, 1 > • ^ ^ | l i^ ffiph < p • h • a ) 
p#ll 
Hhoro S i s tho oseeitAtioR «ai«rgy oi the e«iqpo«it« systom 
•nd 'g* tho aln^lo pnrtielo state dimsity* For tho dtrpwn4«nc« 
of I HI on ««•• muttMur 'A* «ii4 «Meit«tion on^^nr *^' ^ « 
following oKproiislon in iwod / 16 / i* 
jHf* .PK • A*** r * . . . , , . ( 4.24 > 
whoro PM i« a eonstnnt in mfr wiits* Tho tmletien retot 
>.* ( n 4> ^ j . ) for partielo «nil88ion aro ginwi by the 
folloMriticT eciuetlon / 9$ IT / •• 
X 
Ar'^r^r « ^ r > '^  
2 fr • r 
«ih«r« 
p m wmtbmr of imeic^^esui 
B » ••|MMr«ti0ii mmt^ 
• • * « • • 
of 
p«rtielo 
( 4,9$ ) 
M - « rwBueoa IUSA* 
^ M. • «n«rgy of roletivo motion 





nUSftHHT o f l!!l)# OOS^^MMlitO 
w(|>«li«D • doMtity of tho otatot vitli oneituttion 
«ii«r«r K, i»8rtiel«« •p* ma holm ni*. 
MHI aonoity w ( p« Ii« £ ) i« givws tof / U / t^ 
i'A] 
S# H 
; hi ( p • h - 1 ) .• 
Jl^ < p^ • h^ • p ^ 3h ) 
* " • » • • • • ( 4 » 2 # ) 
fh« sifigitt perticlcF tttmtm ditntity *9* ha« b««n dbtsined 
frtxn thtt l«v«l dimsity pi!r«ni«t«r *«' by th« r«JLttticm t* 
9 » * .. • •• • • •• ( 4* 27 ) 
tor th« primary populatioii by tha f irat awaporation 
at«p« both tha aontlllbriiaRi ana prow oqaiXbirlua amiaaloo of 
partielaa havo baan taiton into aoeomt* Pra^ oompoand 
aRilaaian of particXaa eauaaa 0 ra<!loetimi <^  tha pooulati€ai 
that roaehaa tha acmilibrium ataga* Th«ra£ora» as far aa 
^ «rays ara concernod* tha only of fact of tho pro»oquillbrlum 
partielo amiaaion i s a loaa of caroaa-aaetion* aeeountaa for 
by tha f fiotor .pro i* 
. m 
•• •• ( 4.38 ) 
MhUa for psrtieloa a pro»a<|ttilibriui!i eontribiitlon haa to ba 
atfaod to tha raaucad o<i«iil ibrlwi portion* Haneo# if the 
firat at«t> of »n awaporirt^ lon eaaeada potmletaa lavirita 
( E# Z« /7 ) in an intonral A S around axeitation anargy *E* 
tho caroaa-aoetion ia gtnm by •«• 
i S j L ( «# i#^) -^« • »ta^  c B,i, n ) A i . . . . ( 4*29 ) 
B7 
wh«r« 
19^ ( s, z«;?) A s • 
m 




^ ^ ( «# I, n ) 




lli# H«ii8«r«7«^il»i«h croff»-»iKt.i«f» "'^ iff Qiini) by 




^ ' by aefii* C 4»2t >• Sine© feb« nr«»«qiiillMrluiB modsl 
daoff net eo«iaii<!l«r angular tn^iantiais ftfi6 parity* i t hms hmm 
m%vmma in ««3W. ( 4*36 ) thut tb« f»opiil©tim» j ^ ^ * * (E) 
iff aifftribitted 8wofig tb« l«vffi« with aiff«r«n|; ffpin i»na pari ty 
in th« mmnm pronortioa «» thm mrmili^ivm Gcmtril:mti<m» 
In oraer to pmrf^xm thm above a««aribi9d e^acmlationff 
aadltioBtil ineormetion r«garaing thff trftnffniffsion eo»«ffieii»ite 
t» Tmrm-lrm^ m the ini3«t aetii« 3)r«nfifiii88ion ecwefficiontff hmm 
bffffn e«leui«ttti by ffnotber comntitffr eoil« OPTIH / 18 / based <MI 
IPhe cale«l«tionff have been |>«rf€Mriae« at the £>iiC*VAX 
Il/TfO oensytttM' of tt»iff Univercity* 
()'8 
% ig t i i i i f iiiiiif t ^ 
/ t/ f^*Cp nowsl^m aB<5 N# Mac Donaiai iStieLP^yn* JL3i(1959)382« 
/ 2 / J«J. Qriffint ^ y e . *««*t, J|2 (1966) 478. 
/ V C.K, Cllne ®ni5 M, Blmm l?ael, Phye. if^ '^y^  <J97l) 225. 
/ 4 / M. Blemni miel Fliys. ^ ( 1966 ) 223. 
/ 5 / C.L. D«nfor^ ^1 .ABCtS^n ( IfTO ) . 
/ 6 / w. !)hl » meU W*yii. ^f f l <1972) 253. 
/ 7 / M. Oia 8n4! B. stfwhiB8i«r f l>rivat© ©oi!inuii4««»tlan, 
/ a/ w. H8«w«r 9n«5 Hm F««hb«ch f Pliys. s«v. SLL <1952) S66« 
/ f/ P.A. M»1^8iier f a«v»« of M9d« Pfiys. jj^ (1964) 1079. 
/ t o / H.K. Vonod) snd! M. milm t J^uisl. ^ y » . 1^ 127 (1969)289. 
/ l l / D.K* iUmg» masl» hys. 21 < 1^*« > 545« 
/ 1 2 / w. Dil9. w. Sehenti. H. Vonneh ana M. Uhl $ rtueX. l^ir»* 
A^i7 (1973) 269. 
/%%/ M. Sloim en« i^» m<m9t^ t N«el. Pt^ y*. ^JUj^  (1^72)24S. 
A 4 / y .C. ^llliamn Jr . t Stiys. L«tt. i i f i ( trm ) 104. 
/ t S / C.K. Clinei inicl. Phy«, fii9^ (1972) 3S3. 
/ 1 6 / C.K, C|in«| i^ucl. Phf&» i>^^^ (1973)590. 
/ 1 7 / C.K. Cltirat I5WC1. PliyB, ^ | g | (1973)273. 
/ I S / H.K. Vofiactif Priv»t» e^mmmiewHtiim^ 
•mmimmw 
.mhm^ Y 
( S* 1 ) PfM^Wf^ii lifid fflilfflBl ft'tH^ ^  
•J'V»1. f' aLCTnl?-''»f M"\M I PI'iMirV SmJmmJmmJSiBBlMMmSBSi 
lti« < n«f» ) reaction crosa-eeetiotic for 19 mielvi 
rtmginq frocR A « 34 to A » 197 htivm be«fi nMsasuret!! usim? 
ftcrtivstlon t«d^ni<|(M nt ineid<iint neutron energy o£ 14*6 ^ 
0*S HoV, ihm in'wemti'3f*t«i^ i n#p ) reaetione# th«ir Q • 
viiltMK9 an(3 th« 8M«»iir«^ cross-toetlcm* aro 0lv»n in tab lo -
id For mvt^, r««ction th« eimilablo litwratinro valuaa /Wtl/ 
of cro««-aecti«»i« are alao l ia ted in eoliowi IV of table-l* 
Moat of ^^^^ reportoe^ iMMiavromonta hnv* lMi«n done by ^u» 
activation t«ehni(|iia% m caa«a wliiadra aafViraJl moaaur«riDente 
hava baan ra<porta«9« oinr eroaa-aoetion valiHMB,in ganaraX; agraa 
with tha rrtoT^ raeant praeiaa data* Aia litratiMra valuoa 
0Mafin^ l^r^iaat aaviatlon ara mostly tha raaults of a^^rllar 
RMMiaisrat^ wnta* 
Ina»lta of tha a i iml ie i ty of taaaaurinqi ect lvat l in 
croaa-aaetlona« thara «xm ecmaidarabla diaagra^^nents beti^an 
pift>llaha«i data as eon ba aaan from tabic «»1, In moat csaaa 
tha diffar«HrM?a b«t»r«an tha data re lat ing to tha aama ntielel 
eonaiaarably aMcaada tha arrora given in r«fartmeaa* Aa can 
be aeen« the anraed i.«; aignif leant in the recent data too* 
Tha poaaibla ei^uaea of thaaa di8cret>aneiea e)a<^  be t 
2ntarf«CTlmr renetions eanaed by ia^Miritiae In the 
•aaplaai half l i f e datai abundance of the radiation deteetadr 
cTonvertint counting into diaintegration ratet efficlimcy of 
the aeparation technlfniei abeoluta neutron flux and i ta 
variation in tif^et energy and energy aprafs*^  of neutronsf eroaa 
aection of (fonitor reitetiont eacape of residual nuclei by 
70 
TST 
H.««cti«n CfDgg » SectiCMr? ( ate ) 
T IX 112 XV 
**?%(n,n)'*Ji«« 
^^Mg(n,p)^^ 
27 Al (n,p) ?1g 27 





ISO • 20 
45 * e 
76 • i2 
<•> 
76 4^  9 
132 • 15 
in • 40 
210 4- 26 
ItO ^ 16 
160 
S4 • in 
4p 
€3 + 10 
60 • 10 
45 • If) 
40 • 4 
59 • 6 
38 ^  5 
132^ 10 
36 4 Q 
53 + S 
52 • If? 
76 4 11 
97 4 10 
7S + 7 
32+6 
•• 85 • 40 
73 4 7 


























'i^l« T. ^..JLSSBMULJ. 
R u c t i o n O.V,X«. «•> 
( tW ) 
X XX 
^ C l (fi^f*)^'© • 4 . 0 8 7 
^h (fi,T>)^W - 1 . 7 4 
*®T1 <n,Tj)*^Se - 3 . 1 9 
C S 9 8 0 M 
tnPOOflllv 
XXX 
SmstUm i Mt> } 
LI 
as • s 4a 
53 • 4 






































— 4 8 
4 4 
— 4 8 
4 11 
/ 1 / 
/ l l / 







/ 1 3 , 5 1 / 
/ 1 / 
/ 3 / 
/ 4 / 
/ 5 / 
/6«53«S4/ 
/ i 7 / 
/ 7 / 





Tf»hle - 1 ( C0fit<9.» ) 
Reaction ^^^^^vT ^rmemt Ut trature V a i w 
wortt <r (a,p ) raf • 
11 111 IV 
*%i in,p)^^&c • 1 .23 40 + 7 *® • ® / ^ 
a3 • 5 / 3 / 
29 • 5 / 9 / 
97 • 16 A l / 
35 I 3 / 8 / 
29 • « / 1 8 / 
39 • # / « / 
'^Tl (ii,o)*®Sc -S.aS 3 0 + 5 2 S * 6 / 1/ 
' m m 
12 • 2 / 3 / 
17.9+ 2 / 8 / 
1§ • 7 / 1 2 / 
9 + 3 / 4 / 
147 • 13 A l / 
28 • 12 / I 3 / 
' ' 1 « / V 
24 • 5 / 6 , 23/ 
*^r (n,l>)^*Ti mU6B 3 ^ 1 * 37 + 4 / 1 / 
33 5 3 / 3/ 
35 • 1.6 / 5 / 
27 • 4 / 1 7 / 
20 4 7 / 1 8 / 
55 • 12 / l l / 
25 • 3 / 1 6 / 
2 5 + 2 / 2 4 / 
36 • 3 / 6 , 2 6 , 4 9 / 
/ . i 
T»Hi« • I < «sofita«« ) 
HIMlfltAOli ( nm ) 
(«} CSnsss «• 0C0%t<sifi ( ni> ) 
•^  WP t ' rig* 
II III W 
®^cr (n,t»)^% "••3» *^ * 0 73 * S 
«» 
8^  • i 
Its * n 
%m ^ IS 
ISsa 4 16 
I IS • IS 
74 ^ 10 
a4 • 1© 
/ 1 / 
/ V 






/ I P / 
/S7»Sf/ 
^ f « ( «,i>i^?%i •S*93 10*? • $ 
tS «• 144 
90 • 1® 
%m * la 
103 f @ 
/ V 
/35/ 
/ I ® / 
/44/ 
/31,«0-«7/ 
oS Cti (fStfj) • l « ^ SI 4- 3 19 ^ d 
27 • 23 
31 • 13 
27 • 11 
/ 1 / 




•» ecwi:^* • • i 
Tpbl« -• 1 ( ccaitrt»» ) 
S©j»€rtlon 
< fSeV ) 
( » ) 
Cross • Section ( nfe ) 
Preeotit L j t ^ s t u r e Valucc 
woirti ' ' 
r" 15 tzi XV 
muamammav»t'imiimimmmtsmnm*»m.wimmim itwjiai'ajfflipucitu I 
**Cti (n,r>>^*Ni 
®^Zn {n,p)***Ctt 40 .21 t 7 l 4 13 
^^Zn (n.o)®^Cts *l.<?4 74 + e 
19 • 4 
17 • 4 
11 4 I 
23 • 3 
205 • 
160 * 
254 • 2B4 
210 • 20 
357 + 
179 • 
284 • 20 









62 • 5 
72 * © 
60 • 7f9 
85 4 6 
77 4 JO 
101 4 17 
35 4 4 
60 4 6 
70 4 7 
/ 3 7 / 
/ 3 V 
/ 4 0 / 
/ 1 3 , 15, 
3 1 , 5 ^ 7 1 / 
/ 1 / 
/ 3 / 
/ 3 5 / 
/ 5 2 / 
/ 3 ^ / 
/ I f / 
/4V 
/17/ 
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0»5 r^ art^  haw© Sx-aD . l o t t o ! aTiixsst tl-i© atoriic oa^ a® ra^rAser 'A* 
of til® t^ .*r\i©t m«3iaaii in f.l<jaj» (S*i>* ib© (jisfio»iii trwxi 
o£ the myfiomii$c Ll«x:rt3a»e in t^ .-i© Us#p) crosss-^C'Ctlcm ^mlu©s 
can ue &vmi £svm finjure (S*t)« *i\l© HoojcmosG Q£ t^KO cr(n,p) 
%ritl^  ttk® c«^ smlii@ o£ til® t»ii:yot imcZmm» ilia ISICX^XMII-K; cciuionl^ 
( n§ pi CT3iK;tlv.?« cxo®Shiac^tijfs3 arcs also ilc t ^ .vjcifsst e » 
f]«3utrrao 111 .lx!r •!.'• of tXm tojcrpt iiuclesLiS iB fijus© <S»2>« 
i'mxmxcoCi i »# p) cro©9*i<Kx:tio« miluo© are : io U3d 
ariiiirot til© 4,^/toa mn.xj3e •«:• ami! •Sr* oi '-h® f~.X9»t a;xi 
jpc»3l<3i^ 3. rxjelcd in tigasmi C5»3 a»d S*4) e««s»i octlvcil:^* i t 
cam o& nt-eo txom tl^^so ilgn '^OB that in rjonertaJ. a-(n,p) 
lm«r naa® o^jitm ii-^ e*® 1^ no oocti clofinits© m:uri» itifirj* 
ijur® (*>«S) ®:'>:3t»'«i a t%ot- oi crt^ *GO-i©©c ion clatn 
a ia lns t Uw .a»^TR»ti:y pajr«»i©i3Dr U*ii2)/^ ^« . via€SJtly# tl^e 
Sa^ o^ for tl*» micJUid with i«By «naill a0y:i'»®tfff i.-ajrma.tjsr 
<^w?J/iA (m^to ^CI«^J <» m% olJOte^  atsy ©»2ri»a.a ion, lTO^ .?ovoir# 
lor satx;i^ t«n ,ijnii lieavy csass oueloi# .:m tfi© ot>Ksr -mmd^ 
ass l£i,ort :.t. ff.'le* to <3«»GI»1 tJ^s psotOR biraain-c; €!Q««?y:|^  
€.»«••!? ct ics^ ti'e <n# ^) cross sof.-sd '^fi ^^•oalc': i;«TOao© ios 
.1K) 130 t . « i'oil^uifiir; two ixaixsf.i0 (N* 
Ci) 'ixi Clr42te'i> os.rri®ff i..crc3. 3<» with i i^roaal^j c a^r-^ jc 
^u€t^ Ithji' .o&fM %ii^ Urn irjcreoo© oC ill® iMutcoa ®«c©@s 
4«€!» il"*^!/."** -*MJ& u a aeer©^£io oi t^m pix>tioti Ma-i&j aser^jF 
liitM i;M0/'^i irjjr^xi'irlcc ©loront© id torn tfioii cosr^oasUx-i ^. 
the iiA;roasiij*j: Coiilool* ^jarrlaar af«l tli® oan^titi.-'P. a i naitiKm 
41 tii# oi^xur liaM fo r U M cliff««rarit i f i® t«^^ o i 
tha 0ji*«2 .'los:'H»t# thiis .-r^taa MMing eaia?car i«ie«jQ£*ce aa 
es^cctai* (o# i) crass aactic^ti l a oach QQ3^ i^oci^mmm ^fitii 
t::c- irx:i»aaia»^ .^r-itf-Xi bisiidlvnj rnxxtM « '^ ^*^ tK»'^ 4«ar isoi©i«>« 
/ ic?/ 7 
/8 
mmmmmimmmmmmimmmmmmmmmmmimmwv i mwpmmmmmmmmmmmmmmmmmmmmmmmmmm'' HHWIIIWIIM I iwMwwwwwui m^nmmmmmmmmmmmm 
mrne^ i Nti^ f mm^MimmS Cuts ) 






























**2f» 5. 2? t4 • « 
AllMfi / 10 / liiai0«t«i! atrong slMriLl «ff^ets 
in •^Mtometicft of ( fi« p ) tananB-mmi^imui «t 14 MtV iMMrturon 
flfMMrfy* Ito » plot of' «scp«rimint«l l^otal ( fi«p ) aeoas-
•iMBtion V» th« 3:.imi%i9 of thu tiurgot xnieiotis^ pesles st 
th« ffiii^ic irroton ntarlNHrft w«ro observed inaiisatin^ th« sholl 
6mpmiA%Ticm o£ th« C ii» p ) cross'•oetion* >*'e« on the othor 
hand* h«v« wa%. c^Sflrvod »iHiil«r poaks et the closed ^otcm 
ith«Al»« Hoi#«vor« lis tho i««B«Rt moasisromaHnts thore aro eomo 
indieiit torn that cTi ii« p ) docroaswi at elo««Bd nciiitron iholls 
B» can bo «««i fro» figi«r« ( S*3 ) • Qairdnar «n4 Rooonblttii/isa/ 
hav9 aiiS>.iSiirld«d th« eholl offoeto into two • • 
(1) Thm * Ttttm sholl ofifoet **# ariaiiiv? from thfi s l ^ i f leant 
variaticm in a p4»rtinont niKSloetr r«««±ion parametor* «\idh as 
loirol 6mmity or weiring enorgy arotjud closad »hmll» in tho 
^ f [) 
^ntfhtwr ma^ttM* fton • fiA«na trwid or «v«r«o« v«lu«« 
(U) viM * fkr««t «ff«t% ** tii« o iM0i««i «ff«ct of eioo«a 
•htfU on tlio 9ltmt6mmm mnA bota s t o b i l i t y of tlio tor^ot 
iiiioloi« HIO vaiiioM of 1OV0& dNMMity pmtmmtmtm ' e ' ond *^* 
tor rot iAua Boeloi of tlio ( »« i^  ) roooUoitslii tlio tai^goto • 
*••, ''a,!, * ^ . • • n , **v, ''•lus, •%» ana *^% «ro 9i^ w 
la toblo • 3^  aioo givon in this tabio oro ttio Ovoioo for tlio 
% ii« p } roooti*oiMi» 
mmmJUmmmmSLmmmmm 
Tidraot ftooiaiua o<»v«i«o * « . { * ^ * 





• • n (ii«ii9) 
Sly 
" ^ A . 
^ r Oi«se) 
t o % 
**p 
" B 
" * » 
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Zt OMi bo ooon fton tti»lo • 3 thot for tho oeiglo 
MMtron torgotHf ( a# p ) roMtlon o» Valoor oro isniooallr 
•«Mll ( larqo *vo volooa ) oa eonparoO t o tho othor aoii^hbooriim 
iMolol* OR tho othar hand tho *a* and ' A ' W9lwm l a tho 
di) 
vwi^ t t t l ii»ol«i do mat iHoir intdli ea i^ feMrupt v t r t t t io i i * 
f l i M i t wmy hm eoni^iiAad tl i«t t lM iilMMffirttA dip in < r ^ p ) 
at ffi»9ie f^wtiTQii fiii0l«iM iM fiflTttlf l>»VitiM «ff«et« f ^ 
( ii» 1^  ) «NMNi-Meti«MMi for dMi «MNMi pTWMetly MMunarttd 
lit!V« also b««i e«Ictml«ttta ISimirwtiettlly using two option** 
(«l far# iMi^ Mmnd r««ctioii madiMiiwi ( aonetad i>j/^ '^i«i» cit ) 
msA tb) w i ^ l§io fiflMria mNMI, of i>r»ii><g^lfcriiwi •n iMio i i 
( <SkMMto4 Iflf <J <8Wl» CSS • 9W9 fm 
Hio |9(iur# oonpowiclt osicmiiitiofis li#vii INMHI 
pcrfociMidi ttesfiMMTdin^ to tiMk i i t i t i (vt ici i i nootel. <Ml KwuiMr WMS 
7««hbtcli / 8 i / • ^ fiorimrai tho • t a t i t t i e ^ l m»d«l o«leitl,*» 
tions* t i l * tr««Mid89ioii eoM^f ioiwitSf Itivol dffMity parmm^mts 
md 'tim diMdroi^ icnmiii iAfocnuaticMi iPBiid t&c sacih of 1^ h# 
ffnaotiiM) vtiidiod tipo viK|iiii'*A« finaMMiiMiiofi oowsffioionlyi 
AMP iMHiti^ Ofi# pdPOtOB itiidi itii^s iMurtiistiwi nvw INMKI oiJldiiiiitod 
using • eompiiit«r e o ^ ts^nw / 84 / with ^lo o|ytie«i aodwl 
ptatmm^m9 giirvn toy Boidi«tti * <lr««nl«o« / 88 A stuisaiigi/BI/ 
•H i f rmi tlio Atoai&e i^a i^iel#«r d«t« t«ial«8 / 87 • 86 / • Xm 
fMf CWiOfl ll$MI OfytiCttti IMMSoi pfdfWMtOfV fOC ttiO RUCiMnM iSKf 
iRt«r««t wtr# not svftiitiblo i n t lM i i t«r«t i i r«« In sudi CMOB 
tho wtlkvmB of thooo i»nr«iwtwrji hum hmm ttkmt o^ual to tho 
imltios givta for tSio noarott amlmm i» ^tm i i t«r« t i i r i / i f t *90A 
9m ptrmm^mtw for tho e«ietil«tlon of lovol ^immitf hmm boon 
taScwi froA ttio w&tk of t^ilg m^» / 91 / • tlio disoroto iovol 
inforvHttion I I M I IMMWI tiSton from t3i# tidbio of isotopM oonpiiod 
by Xtodoror ana I9i ir i«y / 98 / laid t ^ o^p^ration anorgioo 
liov* boan tiSton f roai tho i#oi^ of ^lo Ni^atra / 99 A 
9 ^ tho pro»«^iifibriiifli aH^aion tiio Hybria modal 
/ 94*M / o ^ i o o haa b#i» alioa«n» gg»»a<piii3ariuia aaiiaaion 
h&§ baan oonaidarad oniy in tba f i r a t aniaaion otap wliaro tlia 
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Cross-Section Ratio ^^ !)'P^ ^^ P 
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AioriK: Mass Nu^ T^ be' 
5'^ Comparison betweer experrne'-Ma .^nn cak - ated v'^ ,p^ 
'-eactsor cross-sections vs atoTiK T-CSSS •- ^ r^oe o" ts^ e 
target nucleus ai 1A 8 MeV (a) Calculations Dasec o'-
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0 lb .X. 50 20 30 40 
Atomic Number Z 
Fig Sfe Compel IS on between experimental ^n-i 
(h) 
60 
'A^c j l a ^ e d 
70 80 
p) react ion 
cross-sect ions vs atomic number (jt target n u i l p j s a\ )^ 8 
MeV. la) Ca l cu la t i ons based on e i | i r " ^ r M i m s [ a t s t K ^ ! 
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20 40 ~'~^ io / * 
Neutron Numb«^r M 
/i^ Uo rto 
Fig S 'i ( ompans on between expenrTipotni ^r \ 'I iU 1 n 
teac t ion cross--se<-tion<^ vs fUMjtrv. i n/ff io< f • ' it ^cf 
ntjcleus at 1^6 MeV (4 ' Cak j l j ' i ' f t i i -
sMtist ical the- ' iy or ly [h) t ^ 
ev^uilit".num emiss i t 
























J L - J l A-
fbj 
0J6 020 004 008 012 
Asymmetry Parameter (N-Z)/A 
Fig 5-10 Comparison between experimental and calculated 
(n,p) reaction c ross -sec t i ons vs asymmetry parameter 
o1 the target nucleus (a) Calculations based on 
equilibrium statistical theory only (b) Calculat ions 
include the p re -equ i l i bn um emiss ion EM-1A 8 MeV 
HI 
mt^imltlt hmm t^mn tRlo moommM, «t «MII utiip o£ 
toll —citt ioi i» 
m o r ^ r to • •» ^i« r«l«tiiNi coittrllMitioii cMl tlui 
M < «* IP I r ietioii t0 « ^ t0fc«l cr,!^,^ at I4.S tkfif, tlM rstlo 
.^'y. for ttm iBwuOTa ^stts !>«• b««n i^ott«fl la 
0-1 
SiMi 0^ 1100. indtt«« «fe 14*8 HgV mmegf h«v« tMMn isaicraltiftad 
with iOm optlnal tawMl* Xt JUi mii^mz twrnn f i g , ( S.e )th«t 
in tlM iifg(Nfc«r UMMI region IHa ( ii« ^ ) ri«ietioci oontrllNitAs 
•Ignif liMgiitly IM^ th« rtAtttivn oontriliiikioD mm not l e i i d 
^ « 4af CH* iion»«lM%ie «ffeM>»«etis9fi« Vfii» eemuribiitiOR oC 
tiM ( a* p ) rMctiea d«ev«M«i eoii»fc«itU9' i t i ^ isKHrMSiti0 
( n * 2 ) / A Ml tlMHK for t ) i* lMMevi«»t •««• iiiMA«i ifntio 
"«# y*wB> is if«ii iMa«» i «• 
^««i« c s ^««i«cii4p«« 
IMNM IMMB ii»t«d Ifi tatoltt «4 mi0 mtm plotted s^^intft ctonie 
flft0« Muiiif *A*» etonie inaiMr'Z' » aiwitjww miilMr *»* CBA 
•sfflMtrtfY p«r«n»t«r 'C N«s ) A ' < figs* t * t to S« to ) • Xfc i« 
iMMMCMtLin^ %o 04MI £vQM thtttd figuvMi/ <HMMKP% COP ld)# CNMNM 
^Mtfi th«ir viiiu«e e«i«iil«t«d vittkoat ooiMiidoratioa of prmm 
•quiJii»ri«it «iii«iiait ( upjMir pmet of tii« figs* S«7 «o S* SO )« 
« ! • hi#i«r iml««« of tho r«lJo , 2 - i J ! l L ^ M U •«!»••%• tho 
pjPMIORCtO oS OCfNS ITOIlCt iOI I MMldbWftiM|# l^ p€HP% fJTSWR %ilO OOWpOWlid 
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o Paulson etai/79/ 
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Neutron Energy (MeV) 
Fsg 512 Experimental and calculated excitation functions for ^^Mg(n,p)^^Na 
reaction Calculated excitation tuuetions with pre-equiiibrium emission 
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Neutmn Energy (MeV j 
Fig 5 13 Experimental and calculated excitation furKtions tor 
^'AI(n,p) Mg reaction Calculated excitation functions with pre 
3 
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Fiq SK Experimenlal and caicuUted excitation tunct»ons tor 
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Fig 5 16 Experimental and calculated excitation functions for 
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Neutron Energy (MeV) 
Figg is Experimental and calculated excitation functions for 
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o Bormsnn ef si /53/ 
a- r)on. 
With Pre-equH. 
Wi thout Pre - equil. 
10 11 12 13 H 15 16 17 18 19 20 21 
Neutron Energy (MeVJ 
Ftq 5-T7 Experimental and calculated excitation functions tor 
Ti(n,pr^Sc reaction. Calculated excitation functions v/\f\ pre-
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Neutron Energy (MeV) 
Fig 519 Experimental and calculated e)«:itat)on functions for 
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Fig.5 20 Experimental and calculated excitation functions for 
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Fig b 21 Experimental and calculated excitation functions for 
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..-. a- non. 
— With Pre- equil. 
— Without Pre-equil. 
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9 m 11 12 13 % 15 1$ 17 18 19 2021 
Neutron Energy (MeV) 
Fig 5 22 Experimental And calculated excitation functions for 
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Neutfon Energy (MeVj 
Fig. 5-23 Experimental and calculated excitation functions for 
Cu(n,pr Ni reaction. Calculated excitation functions with 
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Fig.5-2A Experimental and calculated excitation functions for 
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'9 10 n 12 13 14 15 16 17 16 19 20 21 
Neutron Energy (MeVj 
Fig 5 25 Experimental and calculated excitation funct ions for 
^ ^Zn (n ,p ) ^ ^Cu reaction 
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12 13 K 15 16 17 16 
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5-29 Experimental and calculated excitation functions for 
'^'Au(n,pP'Pt reacticn. Calculated excitation functions 
pre-equHibrium emission are obtained using FM=95,430ayOO 
with 
MeV^ 
• Present work 





With Pre- equil. 
Without Pre-equil. 
12 13 % 15 16 17 16 19 20 21 
Neutron Energy (MeVj 
Fig 5 28 Experimental and calculated excitation functions for 
109 X)9 
Ag(n,p) W reaction Calculated excitation functions with 
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Without Pre - equU 
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3 m V 12 13 U 75 16 J7 Id 19 20 21 
Neutron Energy (MeV) 
Fig 527 Experimental and calculated excitation functions for 
*'°Sr(n,p) Rb reaction.Calculated excitation functions with 














/J _ _ J- 1- 4_- 1. - i _ J _ L X_ i_ _1- .J -I 
9 TO 11 12 13 lA 15 16 17 lb 19 20 21 
Neutron Energy (MeV) 
Fiq 5 26 b xpenrnental arKi calculated excitat'or\ funct ions for 
7 5 . / J'^Qn 
As {n ,p ) ^Ge reac t'on 
8f) 
ttattng piac*. 1t»e ratio „ . TTT ,. *• «!•«> plotted 
to £ i ^ , ( S,7 to S,iO ) ii9«iniit h, Z, Vi moA ( UJSL >/k 
( lef»m^ part of f i^s . 9*7 to S»IO )• A« e«fi 1M ammt now 
tho fioiiitfl in th«8« f igoTMi Xi«t quito eloto to unity* lhi« 
iMSfttvr e^ OMEtofit tjNitiriiMm tiMi incfMHriiWHitit], end eaiei<aittt4id 
cro95>fi«etioR vaioos i^ t i^ l«t«r etmm vtroiigthae tho prwionoo 
of isroMigitiiikriim «mi»sioii prooiMiab 
( $.a ) yccTOfio^ yiBCTigt» at m mmm smQE lo twr to 
Lit«r«ttsr« vaitMNs of tJNft ( fi«p ) eareMw-noetiai^ 
in tho onorgy raim* iO MtV to 20 MgiV 1MIV« bo«» con i^iiMS to 
ttkoOf tho «gReit«iti«m fnnctiOKi* tog '*• **Mg < n, p> **«**sa, 
^ l a ( n, p ) ' % , ^S (o, p > ^P, ^\i ( n,p ) ^ s , 
**K < », p ) * W t *®» **• ^ n « »# p ) *®* *** **»«# 
^ ^ < o, p ) ^ % , *'cr < n, p > ^^# **»• ( n,p i^m, 
**c«i ( ii«p ) **si , *•• ^n in, p) * * ' * ^ , '^^s Uhp) 
*''Pt wmmtiamtt* UNMIO «tKeit«tiori fi3i»etiofi» aro shown in 
fign* ( S»ii to $*29 )• Also irtioiiii in th«8« fig^stm ar* 
tlia oraaaotiy maaanrad orecta'«aetioni vaiiaaa at 14*8 jh 0»S Htfif 
ana o-^oi. ( noAMilaatio vatoam^BmtloR }« fineitation 
fiBietieiia in thit rnmt^ rmiagid hmrm alao hmei eaXculetad vesing 
pmfm eoftponnd siaehaiiiani area ijootitoination o-f coa!|x»»»3 «i»l 
proMoewnpocHKS ami&aion dtac«y« ?)i« pure coi»poaskt imtoh^niaai 
ealeulationa havn btMtfi aesvia acsoording to Ha«aar«»Feahb«ch 
fenaaiiae^ A ooeipiistar «oda ACT ( Ctiaptaiw XV ) haa baan 
taaad for tlia oalcuintiona whi<^ takaa teto aeeovcit tha particlaa 
a(; 
which arc aii!itt«a a^urisig the eenuiiibretitm of th9 excited 
eaii«)o«it» «yetem aJtongwith th« uvuolly ttiitistieeXly «fnitt«d 
partieiMi* 
fh® r«iittlt8 of cttlettijlatione 4!mip«ni& on nany 
fMiraiMitarR* Xn thn puro eompouna caicmiatlone whieh hmvm 
be«n aenne aioeoraiivi to H»u»«r»F«6libaeh stat is t ical mod*!, 
tho v«lu«ifof level donsity pair®«»©ter •«• and th« fletlv« 
^rowid state ener^ * ^  * f^r al l mielel hav« been taken 
consistently tynml to that given toy Dll^ et^ Ml* / 91 / • Ttm 
ealenlatea sKCitation funetions are shown in flcjuree ( S«ll 
to S.39 ) by aasK(i«> line* It has been obSMrved that the 
ealetilated eoocltation funetimie, witlMwt eonsiaoration of 
the prei-ecruilibriijn seniseiont fa i l to re|»roaikee the eaq^ Mirl* 
mental excitation ftarurtions* In general) i t may be seen that 
the excitation functions calculated with pure compound 
sMKJhsnisRi l i e below the eKperinental ones emeept for the 
three eases of H^ ^ ^ ^ 24^^ %2^^ ^  ^ ^^ j 52^ ^ ^ 
*^n ( n, p > *^ Cu« HI case of **% ( n, p ) **ii« reaction, 
the eKcitatlcMTs fi»etion without consideration of f)re>MKtailil»rivBm 
amission l i es above the eMperiinental esositation fwnetion in 
the whole energy < 10 - 10 MeV ) range ( as in fig . (5 .11; ) . 
However«in the two cases of < n#p ) **V «tid •^.n(n#p) 
^Cu, a aifferent trend htm been observed* as can be owm 
from figures ( 5.21 ) and < S.24 )« the ewcitatlon fwtctlone 
calctilsted with piure cof!^ ;iotmd meehanists l i e belot; the cxnari^ ^en^ 
ta l !»nes in the hif^her enwngy range ( above 16 tW )$ but 
above them in the lowsr ensrgy rar^Ot It i s obvious from the 
inepeetion of these flgurcm ( 5*11 to S«29 ) that the a^reemmt 
betwewi the pastm compound end eseperintent al excitc^tiem funeticms 
87 
i s v«nr poor* fm midh thmem i« iHMid to iiieli»!!« Boum oth«r 
rmmtiem wme^mnimn for « b«tt«r agTMinant in th« thooretlcal, 
m^ t0tp«riiiiiiitfil «Meitation funetimis* ffreMiqttiiibriiiiii 
•Kiuiion ptoem^m im then rndSmA to eon^ pomia micivias proe«M 
to eaieultitft thm mmitatimi funfCtions* For ttUMio eaieulatiOY^ 
Hyturiil laoaol / 94 •99 / has boon choe«u IB tl>o ^9moimpmmA 
«%lc!ulations« thr«« p(iri!ffii«t«re ««• r*eiairod (1) Itio 
Init ia l aiaeiton nmtmr 'n*« (1) tl^ o probaJbiiity of anceitin^ 
a pt^ipcma o< •par^iei* * (^ * •»« {%) tho avwraga 
•cpMTfMI liiatrljt oiafawtt \n\ ' tm: tiro tstoOty raalAual iat«rMttio«i« 
^h« Traluoa of e l l eamitm liip«t paranotara for both eompowWI 
,at>tf/ proMooaipomnd ealeulatiofia hav* boan kapt aaaie throng out 
tb^aa ealeulationa* Tha ini t ia l asoeiton msnt»ar for ( n«p ) 
riMiotions id ganarally / 9S / talean t o b a n a i S ( i i » p 4 > b « 
jl> « 8« b w i wtiara p and b atana for tba i»afit>ara of tha 
x;''aMeitad t^^rtielaa am!? bole aacr«os of fraaaoai ) • ib« 
probability of axeiting a pr»»fo»«od c< - partlela • 4> * baa 
b«an taKasi to be 0*2 / 97 / • ®iiiea tba imlua of avvraga 
•<f»araa matriK alaoMMit (M^  • raeiairad to n^^rodueo tba 
«9e|iariinecital ras«lta# H^ a^ndto aanaitiimly on dataila o£ the 
ijpRployad niodUidf aa for inataiKsa^^a axpraaaicma for amisfllon 
raf^ aa and tba aingla fMirtiola atata damsity *o*« the cboioa 
CKf tjiia fMuranatar i s is^ortant* 
For tba praweonpeimd caleislationa intamal trensi» 
tion iUmmr rataa are rcK|tiirad« Tba intamal transition daeay 
ratas can ba ealeulatad at loir aoeeitation «narg7 wbora tha 
avara^a amiarad matrii alament \H\ , can ba oonsiaarad 
apiiroxlffiataly anargy indapandant / 9@ A 1^ naans of f irst 
ordtar parturbation tbaory / 99 /» iba ascpraeaion t • 
88 
iMitrix «I«i!Miit |M| mk tlw ctoaii« mmtt mi^me *^* axisS 
•Meitatian mmegf * I ' of tti« «»ei%^ mnlwiiti hs» SMHW 
ii««d« fiir« FH i» the «soiiiit«fit ( In 
«d(|it«t«bl« pmtmmtm: «tileti b^ •fp« ( S.i ) i«iiaMi the 
Mitjrix •laiMwit for liit«m«l tr9ft«iti<!»ii» caytiptttiiic; with pra* 
«p«eit«tion Swuetimm IkKptieiA both on tti« dhoixm «€ FM aD<a 
HI th« ptrmmit cNiXctilttfelcmi FM hMi be^si "km^tt »• 
on 9dJ«is%^»l« par«ni«t«r to t « t b«tt«r ntfriKinimt b«%i«««n fhm 
mXmzl&tmB mtisit@ti.Of^ fonetiofiii with thft mtpmimmlml otmi* 
for Fi$« imltifii* in the m n ^ 9S MiV^ to tSS t*i0 li«9« %»«>•» 
prK^oimd / 100 m iOS / • ay Hetplxiis tlie VAitme oC th« l«v«l 
dttiwity p«niRi«it«nii ^ *«* aai * A * } for a l l n^jisioi csemsint^ntiy 
ocjuiki to that gi¥«ifii bf Dii^ otai* / 01 / , eaiemiatiiiKift h«¥it 
iNMHi f^ cmo iJHiin^ i mmmti^l v^lmm of 7M in tho rotogo tS {laNf to 
fOQ tWf^ for Qii rosottofii/at^iod* Sn ^«n«ra.t,it has boon 
i3i>a«rvi^ tliat thm boot a^tootaiiit botnoAO OMporiinantai m& 
eaieuiatod OMeitation fnootiafio oao b« <^/kmi3m& with FM mt\$& 
m^m ^ alio» thia« oscoitatioii fimetions with tM • 9S Mov^  
mA 790 i^ iftf for aofoii oi^oeta^ oaooo iiro tihmm in f igoroa 
S«lt» S«t3« S*i7# S*2i* S*37 to 5*2f >• ?«om thmtm figuroo 
i t inay bo aoers that for fM • §5 l « ^ ' tho miKitm of tbo caie^ia-
tod mseitatior^ fvKietiona* t^ich ^anar^llf ocoi»r& ajroimd 14 r%v 
in tho mii^exiJsmnt&X o^eitiition tmmtians, ahifts toUaras tho 
h i ^ o r mmtgf «i<^ i$ c^ r4 tho ossisitatiofi fotsmti^ns l i a ai^ ovo th« 
«jt|^riment?.^l one®, While for FM « 700 MOV* tho fii»xia« of tho 
ealetilatoc! oMoitatioxs f;aictiona j^iift^to tha loi«ar enorgy »i<3o 
ana tho oaloulatod «s>oitatlim ftmotioiia g9 bolo># tho ostiMMri* 
fnantal funetiona* Aa maeh tho boot/proaootion of tho poaitioa 
8f) 
txso tiie imjyti0 €7i S1^  hoa bo^n ao f IM!»S# i t has h&em 
•a* oJLiijntly ( < 10 ?4 feoBi tii© viOacas 0.vm Ijsf tho »5ilg 
Qt ciJL«# for a <;x>Li.ar agveeni^^t iJotiiaQfi ^10 Go^x^rSoontal as^ d 
ealoLilaujit @»eitatl..}n Cusxstl9r^« «1IG c^Coet o i the vuc'latioa 
of ti>® lovol a ^ ^ i t y p«E@oist0£8 *a* Sor all soQlutmX mcJLoi 
€K)£:xt^  < j^di{ig to &m w3Si,QKM coQctlicm cli^inneld C n* n* )# 
(Rf l> )• ia# ^ ) QtB* h^vo ai£io boon ©t^clJUi^Zt IK^ txstm 
oJaoorwjd fchat tho €s9!elfeafcicas Saiscti'-^ JJO a»B oaly sM^stly 
Gf faetos in tkm loyer cmef^ x<(iQl0fi itaoimi 24 r^ anr) «i th 
^m vor ia t i ^ of *a* of tlia reoiasaX mxilmm of (Q« n* ) 
chaii^oiU iic>tiov6r« thoro hr^ ^oan aeQlloililG a £cct »it!i tsi€$ 
VUCIQU..^ O£ Xamil iSmmit^ ijarocietcyr •»• fosr tt»e sooiaual 
nueJkRis of lo«<0 <^mir.tiei« m w^g^jsig tho imlue ^ i n i t i a l 
mmitmi nut^tier *ti* fr^a n » 3 t^ a « ?# i t hm iio&n oyooevo^ 
t!iat 'J>o C3!:icitiatidei £iui0ti^ j$i& ronain isnaitesoO^ t^iiie tlie 
\;ox'l^ti^n ifi tfi© vaitse fl^ '111* i«o* tlJO 1 »D:jaljility of 
o^scitin^ ' n>»Cjkcn®d o(«fj^x^iclo Iroo Jl « 0«i to J0 »0«S« 
oll^ittiy o. loots CwitMn 3 ^ ) t :» ct^lcuiatod Q^citation 
r\i2»stioiii3» *^izv(m a lairgo atoe^ic oooo scur^ u^  hoo ISOOQ oUiorvoil 
{i\ m M to i^  o 1^) in 1^0130 G@icuiati<^io m)& o. good 
agjpaa CQt io lout^ ^^ utssiocaa the 6B«t«rii.'i»ntaI ODti colaaiutot! 
oKxsitt-itl'jn fu»etioii£»« tlKiso£oro# i t tnay :JO cocielAi^ oi^  that 
t$m i^rco^mt cSioioe of tl-*e ^isaaiotoJEB ia 'gialia foir o i l totp> 
ctioe tions* 
'JO havi» a ^aaati tati im oottoete o£ tlio o^atei'jiutioi: 
of i.roH»r|,iila.orii^ «iiiia»ij<ii to tiKs to t^ l oecMui aestioo Cor 
tStm imatisosi ioaacQ«3> r»t£iCti>^ {4« t» HWd ^si^ fftj^  jeaiv,^ *^ tl¥3 frao» 
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Fig 5 30 Variation of pre-equi l ibr ium fraction 'Qp^e ^^ ^ 
funct ion of neu t ron energy 
90 
Ti» SB 
of c i s a j i« t S'<- o r < oce iii €i© hi^f^Jf laiuerrjy «:®gijO«s« 
/»ata 3c'c<.rc in a ersrx ileiitou way C<«!ia, tJ(W«»lV)» ^so ^ ^ a t 
a xlsmd cr'ar„,y o i IS Pm^ £<3C a l l SSIMS .^ iTL/Ot siuclai 1%-Q al»o 
ixi^o ci:iXcr. ia'... <2 -i;i. b.18 '.jo^i ^ loctasS a-^iiast atflrdc rao^S 
tl©lQ do: mi oL i'L. on t-aoe „ai»i:otc«i alffl©# 
It- otu y 413^  Oiro €2^. l i c i t tiGv> i^«»w tli© f»act4tm oC 
ti!0 . zt»»K '^^ilxhsimT^ a'Aui^ioa i a Oiot-riijutsod i n the indlviclimJ. 
rr':^>>^:.iil2.'^^'3AXf. onlois^'.m cor. ci*j tAam ^ p j n # %| l^ «i**3 ^ J^—3 
:air ;.hc- jKisJixx'ti^ ?® ri-act4'-'r^ tkiv© isoim c^Jkruiatcsd lior Ui© 
ta.-?D e,a€£5 of ^®5i arid "* Cr tAist^t maeloi and arts i/Sottofl 
a Gi-xit iiio ncsatror. onor^jy in £:iq 4S»32)» 2t nay bo ootm isatrt 
tn to.x;r ei«r>:,:f £re^ i~»r» aix" i t i-jocffCKioa© wiUi tlio iocjoas© o£ 
[)1 
< tim 't€'. txixi otjOiT •., cf.^ jg^  anS <^ jpg tits^m ha/^iet v^hmB to 
ik?^ n.x i-.-or.,y roj l-n •?.»*: x..K>oa im j^Eoa&e w'it^ i liajtsofi c«Kypgs'» 
in t'..nys I'f '^-io oc^«feiv4">r. j^ i&fo^ a© i 8« p }» (a#«; ) arid 
txx? c*-»^  X. ixicioor ncx-* »cj.iiK.'i i s a iXsrjIrfflrjt r^xsetlrjo i-'fioco©a 
in rsastip-.^ n ir<\ie¥<:« s.-"ac?^ 'Jlor^ # i t s coii.txi&utlmi incroasos i#it^) 
C n« p } r^octlijf^ »or a iitrlK>r o£ iiuei«d. in the smaa so'^iois 
i\ » 84 to A w 101 oc8j>ifi i3@ well «<^ .vi:o<iuc©i i a a oc»nal3i*i*..t 
%jay isc^nrj tiw ' ^ waeiJ-.-«a»hfeacl> oimporatijn no<2el ondl tim pjPo» 
oonpwjtiul h' brid noctel in l t« cjtosod fosrw 'Iha -.«»t f i t value© 
of oaie- IcjttjrJ a^€it*-iti^«i fiiiictians for a i l t i ^ rcsoctiu^ '-lan 
i» o - u,* ri v;itfi the i:orai!Xj«3©X!S l?*^  • 430 IWr# / • 0»2 aaafi 
a e 3» ^wryirr; ti-c vaiu© oi tiKj iov©l «3aa®itgf |s®raiaet«af 'a* 
£or 2:>.^ 4;i.\iaX nueieys of tli€» ( D« r ) chQ.4ieiX« €^ .^<JDocial>ly 
Cxii.'^os t-jc c^acit'Jitvi"'H function ^ i l l e similar vJMPiatiorsa fvr 
o'" j ^ t . v t t €s t"«'ln0Rfe txansltion rest® z^ ** ti^ edt in tlio 
rro-c a-'''' »." -ybcM ntK3©l, (k^mi m:>% uxHibit any stmctxire 
o £cx;t of it;B Qnm ies?cc^.'t tlTOo« tXiO te» the variati^>n o£ the 
lo'vt:"i Coi\a.ity 4Xirai«>ter •u* ) , A* r^iai,n« nc»arly eon©t>-.iit 
iror a ivc,«r. aiscitor. iE»jfj«r •«• aria «aseitation mms^ 'b* ) 
t?5i^ rxv: «f.wt t?>c -.tjjOiad raacs «ts<.jiott /i • 24 to A « i t ? , ilio 
£rji:> I t^ o.: -, ale. .ia .JL H^-is ore @o»!sitJ.VD to the qaanLitios <3o 
i)2 
fumstioiM* ^«ir «^ £cGt on Hhm taroaa-aeetion aiffare fron 
reaetioR to reaetiem d«p«iain^ on the ueeortnintiaa In those 
<|i>aiitltioo* 2n aome eaaaa inaoeurfite roault? m^ he c^ t^airied 
«von if tt)€i r«)i$^ ?ti«»n i@ a^ eqiMiEtely aoaoribafi by the nodol 
aaployod* fhar«£oro« t^hHs> eexmraey of the raauit hea to ba 
liwaatt^ta^ In aa^i ei«e InatviaiiaXlir* Oiiita ganoraHly, 
tha aeeoraof for a i^irtieulfr o^ e^ can ha furthac liRiJCovad tay 
fittin«7 mm mne/h essrmtfixmii^Ql <lRt$ for oor!^ >«tinq r«N5tiona 
as la available i#it^ ': ofta oat of v&luos for tha Oboiva mentirmafl 
<jitwit i t iaa* 
Raeei^lY tha aCfaeta of tha imelaer «€«wit3r 
dia^lb^Jtion in the prwteiuifisriun eiaiaaion hmre bean consiaarad 
by Blann / 10# • 107 A ^ niodif lection o£ tha i^ fybria R»a«l 
rafarrad to as tha OaeiiiatriMi^ «n<<lent Ifybrid (OCtf ) raoaelt 
haa bawi pror>oaad hf Bl&en / 106 m io7 / to daaerihe proeaoffsae 
mainly oeeuring at the nuol^ar a^ irf nea* Ih aona raeant 
fiadinga ef£aet <si this f;in^ hea haan obaarvad in &»»% o€ sorae 
( p« p* ) raaetiona / iai» 106 /« Howavar* wa have not vi»«& 
QDH nodal for tha ptmmAi. oaleolj^tioas as the enrors ot aMperl* 
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SOLID STATE PHYSICS 
SYMPOSIUM 
r^OOllAMMP & AaStflACTS 
AMI a. Fi(,,i,(.b, Dopartraorit of Phys i c s , Ai l rarn 
Mualla U r t l v r a t t y , A K j a r h . 
Prosonco of s h e l l e f foc t a In {n, 2n) r« -
a o t l o n a a t li .}l"V hava be«n ind lca tod by var ious 
v o r k o r s . H i l l e ami Dilc o t a l . , howover, have 
racently ahown th^ Inck of tyvxh<'n'-o of s h a l l tjffacS* 
by p l o t t l r v i l t " r i j t a r - J vnluos tit (n, 9.n) rn.-'otion 
e r o s s aoo t t cns n n a i n s t Cio nnyr;' «'-r>- p«ra«ot«r 
t n - z)/K, In a proi'.ran'^e of oro-n suc t ion OA^SU-
r e n e n t s , ( a , an) r o a o t i o n i^roso ^"c t ions for ao»« 
f o r t y four C-JJ-JS h iva b i .n oois - j roJ , !!on3'ircf} 
c r o s s sefitionc 'iro cori.'iroc? with Vio cror.i '.fic-
t i o n s cnlcinat^f j from t, is JJTHVI-j ^nl fo f^ i i ' i ';iV9n 
by P a r r it a l . Thn rat to ' '^ t H ^ / ' ' p a i ^ ^^ .^g., jiiottsfl 
a g a i n s t the proton nnnr-;r • o ' , i-itiicnto." ilia 
p r e s ^ n T of rhc-n o f f o - t . 
A2Lii',?_L'L'Z- wi^ruti I'l.i,':i7I7^u^^(:~rJ<^~7K<s-
A.M. Ghone, Niicl.ini PhyB--CB Laborn to ry , '^<,,t> 
i T B t K . o t o , C n j c u t t « . 
BHABHA ATOMIC RESEARCH CENTRE 
TR0M8AY. B0MBAy-8S 
FEBRUARY 1--^/ 1972 
ORGANISED BY 
THE PHYS5CS COMIWliTTEE OF THE 
0EPARTNEK7 OF ATOHIC EMERGY 
60VERNWSENT Of INDSA. 
MenBisrement of n o n - o l h » t i c crona goct lon of 
• • v n r n l m . c l o i for \H.i. PoV n s j t r o n hy t.-,B in i i l t l -
blB« n e u t r o n countin,^ raotl.od .Jovplopod by o« w i i i 
b» p r e s o n t o d . 
U.K. K/»Ut, rttysicfl Uwpartiieiit, Wtvfninrnv Utjiop^rirtg 
Cslitea, i!ilit>i>ur ',>..i'.). 
A •tufly oS[ Alpt>ft ^art-ieWft «f-itte<t «i * r*aitH of 14 fc»av 
uautron inter«cli'>ns wir.^  HicK l^ was un-i^r taii^n i<y th« 
•n>liRi*>n t«fhrt»qu<. Au^ ul&ir unU cn*'irj;y dinliitiut inn« ofo^-
partic!«« »er« iueaour«tj. fbe Anrular imi.riUuii'int AT* 
wouffhljr »ytjni«trleal Ahout 00* wid cnvav^ upnarti*. but ftr* 
iborpl; t><!(J<«d in thf ionrnr)) <ltri-c< i"n«. i.ncrto' iiiitr»b»-
tinn df nl^ liftfl are nnAlytafd in the frwnr «nrt. o( «t«ti«tiea) 
th<»ory in or«lnr to detfiwtne Ih* I«vei .{rit#«ity pm««<»l#r. 
attr lbutrd t* pr<<'onp««nii jtroceiiA. fota! crwi^ s »^cH»» la 
»»tir«t«il t« be MO t-ih « lO:i. 
NI« l>i i 1 N!H i.Ci. Ot {•(%/•( ) t.i fj.- --.Ll II V .1 ' . ( l'_LiLliiim 
(invt. tnt;:;. tsUc4.«, iUIitsvur ^a.! ' . ) . 
Experi i iont*! va lues cf ( 1 cross 
'aeott'>n8 i n t he ea»« of l - l - iS Kav nontron, indimafi 
r » a o t l o n » show t h a t thi' ru/ jc t ions pro?^ socttoti* 
d e c r e a i a • o n o t o n l o o l l y v i t h tnrtr«asin? asTWietry 
f a e t o ? (K-Z)/&, and show no doTla t lona frofs t h l » 
bahaiylottr I n tl»« aag io r p g l o n s . P l o t t e d «R«in»t 
n e u t r o n s x a o a s , I t i s observed t h a t tho cros» 
s e c t i o n fleor^asas r«pl<Jly fo r HKH'-.BP ele-soats 
and somo whst slowly for h sav ldur els iBents . i t 
I s found t h a t th«i obgarvat lomi r»->ort8<l hsr« agr«« 
w * l l w i t h t ha pr»4iote '1 bohsvious t h a t with l n c r » -
a!i« of Z-W9l>i« t h e ' t o n d e n c y towards symmatry 4»er«-
a 9 « s . F u r t h e r , I t l 3 found t h a t our observa t iona 
a r a w e l l i n l i n a with t h « t of U v k o v s k i l ' s exna?-
l u a n t t i l r e n u l t * ifor ( '» ' ." ' ) y a a o t i o a s . 
i STUOT OF PHS-CCt!M)in:D KHiJjIClJ Hi (n,p>HiiAGTI0N3 
lUDDCBD BY BEUTWJHS OF 10 TO » MeV. 
J .P .Oupta and H.PruB'id 
Departmont ef FhyBics 
Allgfcrt* MM8ll« U n l T « r 8 t t y , A l l g a r h , I n d i a 
OroBA s<>otion« for eoMt (Oip) 
n a o t l o n s have been measured by the 
a o t l v a t i o n teoVinlque a t 14,8ip.5MeV oautron 
anargy. L l t a r a t u r a vwluea of theaa n rosa -
sao t lona have aloo bjen compiled In the 
tnergy rarva 10 to 20 HaV.Kxclt8ttr.n 
funot lons In t h i a engrjcy range hn"^ b-jen 
oaloulat<'d us ing a combination of compound 
•nd pro-oonpound e a l s a l o n doory. In th«>Ba 
oal««la*lo' 'n« hnek-ahlft«>d yaro l l e v e l 
tfanaity paratceters havs been used and 
oomtstion for the width f l u c t u a t i o n and 
y«« l l -exo l«o lcn p r i n c i p l e have been app l i ed . 
tho ejper lncptf t l pnd t h e o r e t i o a l e x c i t a t i o n 
funct iono have b-en matched by vary ing the 
exol ton model p a r a m e t e r s . V a r i a t l o n of the 
pre-oompound pnrt with t he a x c i t a t i o n energy 
Viae been e tud lad . 
Keny work'^rs^ '^^have measured the 
e r o a a - e e c t l o n e for neutron Induced r e a o t l o n e 
• t about 14 HeV,attempts are made to study 
the t rend in oroRa-oeot lon va luea .The problem 
v l t h Buch«»lnV" ot * wticn i a the e x l e t e n c e of 
l a r " e dinerepanoy between the orona-aeot loD 
• a l u e e of an>i>e reoo t ion repor ted by d i f f a r e n t 
groups of workere.TheBo d i s c r e p a n c i e s 
•ay be pnr t ly due to the d i f f e r e n t teohnlciues 
and experlBental s e t -ups employed by d i f f e r e n t 
vorka r s^ -^" . 
A wnali d i f f e rence in the mean energy 
of the Inoident neu t rons can chance the 
o roea - scc t l on vnluen fcy ft l a r - e awount In 
aone oar"e .Another problem i s the abso lu te 
o f t l l b m t i r n of inc iden t neu t rons flux.Moat 
of the n(>ii?uroraentft have been done by the 
a o t i v n t i o n t fc l in iquo, In t h i a method the 
neutron flux In r « n e r a l l y c a l i b r a t e d through 
some o the r standr<rd rono l iun . Dif ferent 
s tandard renc t iona u«ed for f lux o a l i b e r a t i o n 
•ay also introduced aystoi int ic e i r o r s . T n e 
exnorlmenttil r e o u l t s of the c r o s a - s e o t l o n e 
mensurenont for (n ,p) reHctlune ohow t h a t 
the a t n t i o t l c n l theory of compound nxoleus 
formation cnn not fu l ly ticoount for the 
observed v;.lucn.The onloulatod c ror . s - seo t lona 
a re oanJIer than cxp '-r icet i tnl ono by a f a c t o r 
varylnfT from 10 to 10'' ut the increase of 
tar(.'ot nucleus mu •^.n*•^ . 
For tho nt id; of tronsS in a u d e a r 
irenotionn, it,ther>>f->i'>>, i s necessary t o . 
mennure tiif^  cronf<-fi'>ctionfl for a Jar- 'e number 
of t a r r e t nuc le i uatr./- tne eajio teonnique 
and the ntnj.rtartf ro io t ion .A prot'rjiiaue of 
croon-fiocti^ n n^'atiurecitrte at 14 ,8 IleV 
neutron ei.er;;.N by t.ja a o t i v n t i o n technique 
has been ui.J- rtA;-en with t . . la view,Cookcioft-
Wblton aoc i ' l e r a t c r of t l i lo l a b o r a t o r y suppl ied 
f a s t neutrone. Oroi is-seot lons for none 
se l ec t ed (n ,p) rehotii^no hsve b en aensured 
a t 14.8i<i.5 ' lev. L i t e r a t . r e vftluea of the 
oroMB-oeoticns a t o th^r »»ner'"ieB hove b^en 
Oos>pli»'.i. Thtf pxper la^ / i ta l o roos - soo t lon 
va lues have been oowptired with the cror,e-
seo t lou valut'B oa lou la led by tne s t u t i a t i o a l 
t heo ry . Fre-cotnpound emission of p a r t t o l e s 
has a l s o been taken i n to aooount us ing the 
Hybrid model^'^.A computer code AOT has been 
developed for t h i s purpose. 
Reutrons of cner»;y 14.8 KeV have been 
produced by moans of the '5Ud,n)^He reao t ioa 
us ing 130 keV dcuteron b«am of the Cockoroft 
-Walton a c c e l e r a t o r of Iri ls l a b o r a t o r y . 
3peo t rosoop ic« l ly pure eubetances ot che«i«at 
p u r i t y b e l t e r than 9'^.95i hnvo been used 
in p r epa r ing otunpiea for I r r a d i a t i o n . The 
samples huvt» boan made by unlx'ornily 
8pre«ding tho powd-rt'cl txjbetft.jce or t l i in 
m « t ^ f o i l s in th in pprupex rin,v;a of inner 
d iameter 1.5 ORI. aandwioher: bf^wyan two 
o e l l u l o s o t a p e s . I r r H - i i a t - o n s navo t)e«r. 
c a r r i e d out a t the o u t e r aide oi tiitj oraae 
backing to whose o t h e r aiae tne t r l v l u a 
ta r ( ;e t was fixed.The neutron y l e l c av tr^o 
p lace of i r r aUia t io r i navb beei. o* xm-t oz"i>»r 
of l o " n e u t r o n / s e c . I r r a f i l a txCi t i a e j neve 
been decided by h a l f - l i f e of '^ .le re s i c i^i 
n u c l e i and con t roUed by -the ei eo l ro -a Ait.o 
d e f l e c t i o n of t.iO d e u ^ o n beaia.Gross-S'rotioa* 
have been measured with respecc to •-he''°/e 
(n,p)5"Hn reac t ion .The a c t t v i t ^ e a hiiva o«o. 
s tud ied tfl th the ei>d-wJndow jj-counte^ oi 
2.5mg/oBi^ Hindov th i ckness a i^d or th« V-^''^' 
e o i n t i l J a t i o n epeotrometer . 
Heaulta and pis{;iua,-:o:-
'fhe maa8ure».value8 of (n, .-•'ir-.-aip ;io.--
oroBB-8ecJtlons a t l^.g.i'ieV m 4O ,< ' ^ , . ( JY^^ 
51v,5 2cr , ^Ou and '"'»*'*=2rv targei;a «nd tho 
l l t e ra fcuro va lues of (n ,p) reaocioii acods.— 
s e o t l . ns in the energy ran'?'? 10 co >^ j-.a,' 
for the 8«me cases a re given m / i , ; . * co / i ^ . ' . . 
K x c l t a t l o n funcxlono In th^a ei.nvtiy ra.ige 
have been c a i c u l a t e d asinc?: a coT.UinatiO;! of 
compound and pre-ootn;jound eialaaj-on decay. 
A cojiputor code AOT-*-^  hoa b.-cn ust*U,thut 
t a k e s i n to account the pa r t i c io j i win en are 
emit ted during ti.e e q u i l i b r i s t ion y." '^ -^ ^ 
e x c i t e d composite syst*'.:! ajong .'^'..r \..-i 
u s u a l l y s t H ' t i a t i c a l i y e s i t t e c p'.r-»-.c.6 s. 
Hybrid model frajue work hag bo.>n u^ea '"or 
t reat l i i^ t the pre-co,-,poutid <^ulsGi.ori.* i v -
cocipound euiys lon z.ii ooziaicered ^n.y ^ ».i« 
f i r s t emission stop who.-e l.ie f>x)ivfc.: <^ n 
energy 1 ti s u ' f iolMntj-y !«/j . -- . Af ;•-r ...<3 firsv, 
s t e p o£ de-exoi tMT;J on tl.ti ft.tn^te.cior. t=.'.erg7 
of the s t i l l excjcfc'd r^oiduc^J. rm---'•>•-!& :u 
oons ld - rab ly lowered, h-.j^ .ct- tne bf.:->.a.I •;/ 
of pre~oo...5.otind euu^nsioi-j i.i nf--£-Jc !»-• .-r. 
tho3o oa lou l a t iofis consfcrv; tlo£. i.. / -..v 
p a r i t y and un^-i^Hr mo^kt-ntiu. .>;. . ^ r. 
e x p l i c i t l y ti>ken i:i vO accwUJ.t ->, -.;<. vie) 
of d e - e x c i t n t ion. f'oi aj . , c. It'-uj' ,--• t-.i ^evai 
d e n s i t y pp r> .'.•••.,.ir ,tu-- o.;- I'.I'J' _^ i U.-r.v oJ 
in(»rt^ . > i.ii f i c t j v c ,• jo!,r.j . f ii^ , , ' , j . t ,ort 
have bi^ wn tMi»i.«ii> froa re-?. li,.trrttJ"js6a_ai;xsri 
aotffioiietitti / o r i.; ..t.ro.i.i, 'irc to.j j ,^.u u-
, ' i r t io l ' ^< h.ivo Qnr-t. oaxcui-.;ea rfj ; . rt,,o'v.-ier 
oo i ; , u t o r o o d a b i V . . . '-S».',.- O f ' t i o u . a' cc^ 
i 
r i g . 1-4 Kxp«rlp«ntrtl datu,ftr.d rfgvl 
(n,p)° ' 'Ou a c t i v u t i o n oroeo-
ra rame te ra from nuol«ar da ta t n b l e s ( 1 9 7 0 -980}«I t has be«n 8«en t h a t t h o t h « o r o t l c a l 
r « 0 u l t « depend a t r o n - l y on the l e v e l d e n s i t y 
p a r a n e t e r . O n va ry ing the VRIU^'H Q£ t ' l l o 
pararaetee g iven in r«f , 14 wltK tn Altto 8 )( 
lfb«^Xhfpr»t!ioalcftxoi |at ion funa t ipne for the 
48,4g,50Ti^5lv,52Qr^65ou «,,jj 6^.b02n{n,p) 
iMiaotiona luiva been aa tohed with the 
e x c i t a t i o n funo t lone e x p e r i a e n t a l l y oeaaured 
a* 8hio«n i n 7 1 g . I t o 4^ a s can be eeen from 
tig. 1 to 4 the oaXoula t ions wi thout 
t a - r o r cnlculiitioni.; tor ta<? •" ' ' " • '^ • j i 
e eo t iono . a now 1:J I I I JO Jiv-jn. 
ooruiiiiiji-at i-n oi' p r d - ' j o - i i t r i u a 6oiatii.on 
obvious ly fu l lu tk> ro-prc I-GO t.iu 
px i«rifr.or.t.C. exoi t - i t io i . fu..o'.-.or- ror i.i^h 
IncAaoi.t e-'.wi''y (xv> to <X/ ..>.•,(/. ^ooci 
a j reenoi i t witn t..'? data io -cr.i'-vea oy takl^i^ 
i n t o account p r j - e . j ^ i l i o r i u j •-.'£„i„jior. with 
the fo l i owl r r valu . j ^'-r t .e .>,;»r--otera t 
p :=2, h=l ^r..i i'l: «.;>i^, wr.uro p ..r.d r. atand» 
for tr.e p c r t i c l o d i.tu-^cr <.r.a t.-.o n^^ofr of 
ho lea of tr.e i n i t i i . i s tu t i ' r«r.:,«.ottv«ly.i'K 
l e the cons tant (.VeV^} which by tne foUowiog 
equa t ion $ 
d « f l w » 9 t h e m a t f l x *l«in«nt, f o r J lnt«niaX 
t r a n p l t l o n c o n p « t l n R %»l%h pr«-»H|«1111»rln« 
a e o a y ' ' . Th<5 v a r l o t l o n o f th« v r« -« (^u i i i t e i f iw i 
f r a o t i o n v l t h t h e e x o l t g i t i o n • n e r g y i a i^oWa 
I n r i f . 5 . T h « f r a c t i o n o f th« p r e - o < i u H l b r l v » n 
• w i n n i f t n t n o r e a e e n f o r » a o h <ja»» w i t h 
I n c r s n a J n ^ I n c i d e n t n n u t r o n ane r r . y .Tha a lopa 
'm ' o f f h l n v a r i a t i o n HUB a i n o h«>*»n p l o t t e d 
a ^ n l n n t mn n nuBib^T A,n»-c'fllc n«t»fier 2 , 
r - u t r o n mimbfr N and finvirciotry p o r a w e t e r 
{ N - S J ) / A f o r l!)»>8e c a i c a . Tne t r e n d of t h a n a 
ahown In f i g . 6 which I n d l o a t p n t h a t t h a 
F l g v r a 5 . V a r i a t i o n of P r » - e q u i l l b r i u « 
f r a o t i o n a e a f v m o t i o u o f <'"t»«*-
«-iiJ" ' h«Ht ron a n a r ^ y f o r v a r i o u s 
n u c l e i . 
Wr MMMU* «• HI 
*v 




«>«« - j > i » «> -^ - -
? l f f u r « 6 . V a r i a t i o n o f ' « • t h « s l o p p o f 
p r e - e q u i l l b r l u J B f m c t i o n w i t h 
aayjamotry t5a rn iao t©r»nau t ron 
nufflber, p r o t o n nMsmber ts.rA »Ro« 
, nuiBb»r o f t h a t a r g e * ; n u c l a l . 
e l o p « m J p o r . ' o , . n , !« „ u o^n-e r ^ g ^ i a r l y 
a x o a p t f o r ^-^'u nr.d ^ \ n vU^, ^ P c . . . » « l r , g ^ 
Ban-; m>ml>«r ,flt >. i o r v . n b T f<nO r » . . t r o n 
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-• :?-<-f.Q'JlL|9SIUn EMISSION IH {n „.j 
RI(»CT:0«^S 8tTWE£M 10-20 flsV 
j , p , «upi4s and H« Prsssd 
t^it <5i!siietis« •^ ;?«l® <^CT hat 5f|«i uasd to G«i icyl» | | .^!i« < 
tien® '.'^  '•-"'«. wnisTfey jr.nnQss to to 20 OffliZ/l/. Hybrid modal / 2 / frj 
wesf' ?iyt^  3R®n u#ec^ ' o ? t r a p s i n g ti^» pr«~®auliibri .uB gmlgaian. P?*-
acu'-A^'s-J'-'Jf" ?ijri.a(»ion X» connicJsrfsd only i r th® f i r s t t t t p of d^-
!?•»";; ',?!tJ,cn whar^ th« ®xcl t» t ioo enargy i s s u ^ . ' i c i s o t i y l a t g a . Ir, 
."^ss* c«ACuI»fei.Qf^ ® oon«»rvetion of fch» e a r i t / »PCI »n^ul®r "j'owtntusft 
'^ ®v« Sj«i«n taken i n t o accownt a t ««ch «tfflp o*' dffl--®?!cit»tlor»B B«c!<-
ehiftwd '^stmi l e v s l d«n«ity p«pain«t»r» hev« bs»n <j»8d, P«ul i « K -
e lus ion p s i n c i p l * «nc! wi-dth f l u c t u a t i o n c o r r e c t i o n can s i ao b* In -
coyporatad optAonallyf foe a l l c a i c u l a t i o n a I s y s l d e n s i t y p«?e-
metar , fi® s f f sc t ivK momant of i n a r t i e and f i c t i v a ground s t a t e 
pcBit ioP laws bsap te'^^.^n from r a f , / 3 / » Th« followi^^g waXu^a for 
tha otha? parametsE't hava bean ua«d io thaaa ca iou ia t ion i i s pi«i2i« 
h»^ and FW«43D, whara p and h atanda t s apao t iwa iy for the p a r i i -
c l ea nuBbar »r.d the '^oi* cSagxaaa of *sre«dom of the i n i t i a l a t | t®« 
, S^n la tba cops tan t (f=?8V )^ 
I which da f ina s / 4 / ' tha mat-
s'IK alamant *'or int®rr»al 
t r a n e i t i o n s compsting 
w.itn p r a - s q u i l i b r i u r a discgy, 
*» car be aaao from F A Q . I 
tha funct ion of tha pr«~ 
®quilibriuR) emisaion in» 
c reaaae fo? aach cass 
with I n c f s a s l n g »xc l t«~ 
t i o n anargy / l / . At 1S,0 
nay a x c i t a t i o n energy ths 
pra-egui l ibr iuff i f t a c t i o n 
for ^S»^^'^^n, 51v,^2Ct , 




r '" ir "s "! m jn f 
nuclai hawa bean piofcljd 
in F i g , 2 B8 a funct ion ®f 
atomic masb number ^, p t o -
ton number 2 , neut ron num-
bec At and aaymmatty p a r a -
mel&t ( N - I ) / A , I t can b« 
aean from f i g . 2 t h a t the 
p r a - aqu i l i b r i u r a fractios^ 
m% %Sia, ani^xqy waria® l i n e a r l y with Rati* numbarg proton nymbsr 
nnd nftutron numb^cr in ganasa i j axcapt for ^ T i , 5Scy and °*2n 
t a r g e t nucligi. riow»v®r, no r egu la r v a r i a t i o n of tha p r e - n c u i l l -
4«ffluBi (^tiECtiof! he» baen obBatued aa a func t ion o^ a»ynnM3tTY o» ' ^ -
' ' ^T (?y.2}/^, l - j r th«r i nwas t i ^a t i ona «i a in orogresp t t ^b* 
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